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CHAPTER 1 


SCOPE 


1. The resolution setting up the Power Eco¬ 
nomy Committee states that the cost of electricity 
supply in the country has been rising despite 
large scale technological development and points 
to the need for detailed review of the measures 
for better utilisation of existing generating faci¬ 
lities as an urgent need for utilising the limited 
resources of the country efficiently. The Study 
Group I has been set up by the Power Economy 
Committee for the purpose of carrying out this 
review. The very first Term of Reference of 
the Power Economy Committee sets out the task 
as follows: — 


2. The total installed capacity of electric 
power generating plant in the country is now 
(1969-70) 15.5 GW (GW=Gigawatt=million kW). 


This is composed of the following : — 



GW 

Percentage 

Water Power 

61 

39-2 

Steam Power 

8-5 

55-2 

Diesel Power/Gasturbine 

0-5 

3-2 

Ndclear Power 

04 

2-6 

The water power plants 

include a 

number of 


micro hydel stations with generating units rated 
at fractions of MW. The thermal power stations 
are mostly steam power stations although a couple 
of gas turbine installations are also included. 
A few steam and diesel power stations, are cap¬ 
tive industrial plants, the former often supply¬ 
ing process steam also. Only one nuclear power 
station (Tarapore) is in operation and has an 
installed, effective caipacity of 400 MW. The 
make-up of power generation facilities in the 
near future is also not likely to depart much 
from this pattern, although nuclear power and 
hydro-electric power may come into somewhat 
more prominence. The Study Group has, there¬ 
fore, preceded to examine closely the perform¬ 
ance and problems of hydro-electric power 
plants and steam power plants. This is follow¬ 
ed by examination of some problems common 
to the different power systems including pro¬ 
blems of management, etc. 


“To review the pattern of utilisation of avai¬ 
lable plant capacity during the past 5 years 
and their operational efficiency and fuel con¬ 
sumption, to consider the scope of improv¬ 
ing economy in power generation together 
with specific measures for attaining them.” 
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CHAPTER 2 


POWER PLANT AVAILABILITY AND 

UTILISATION 


SECTION 

1. Power Plant Availability and Utilisation 

2. Study of Plant Availability on a Nation-wide basis 


Page 

5 
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SECTION I 

POWER PLANT AVAILABILITY 
AND UTILISATION 


1. The basic function of electric power sta¬ 
tion plant and equipment is to generate electri¬ 
cal energy. Evidendy, for best utilisation and 
profitability, tilts’ power generating plant should 
generate electrical energy to the maximum ex¬ 
tent possible. Ideally, full 8,760 kWhr of elec¬ 
trical energy should be produced in a year for 
every kW. of plant capacity installed. Since 
the electrical energy cannot be stored as such 
and must be generated at the time it is needed 
for use, there are two factors limiting the gene¬ 
ration of electrical energy from a plant to a 
lower value. 

1.1 Firstly, the load demand fluctuates and 
would be less than the aggregate power genera¬ 
tion capability during a number of intervals 
every day. The load then constrains the gene¬ 
ration. 

1.2 Secondly, at times, the power generating 
plant in a given installation may not be available 
for generating the requisite electric power. The 
plant may be out of service for repairs or main¬ 
tenance or the plant may not be able to give 
full output owing to some mal-functioning or 
defects. In such cases, of scheduled or unsche¬ 
duled outage generally some less efficient plant 
may have to be pressed into service wherever 
possible. The system will also require io have 
idle reserve capacity sufficient to cover such 
shortages. In either case, the cost of power 
generation will increase. 

2. The second factor above, contributes 
substantially to increase in the cost of power 
and must be watched very carefully. Studies 
regarding equipment availability have, therefore, 
become an important activity in the manage¬ 


ment of power generation facilities. Due to the 
different inherent characteristics of the different 
sources and methods of power generation, the 
question of plant availability has also to be 
viewed in different light in different cases. 

3. In thermal power stations, the chemical 
energy in fuels is converted into electrical ener¬ 
gy. The power station may be considered as 
a “kWhr factory” where raw-material in the 
form of fossil fuel is processed to yield electrical 
energy. Technically, steam power plants are 
best suited for constant production level through 
out the year except for periods of maintenance 
outages. Operation at partial or widely varying 
loads is less efficient and also accelerates the 
depreciation of the equipment. The equipment 
availability, therefore, bears a direct relation to 
economic operation of the plant and the highest 
availability must be aimed at and achieved. This 
applies with even greater force to the nuclear 
power plants of the type installed or proposed 
to be installed in the country, presently. 

4. In the case of hydro-electric power sta¬ 
tions, the position is more complex. The ener¬ 
gy potential at each site is limited although it 
may vary from year to year, depending on the 
availability of water. The energy that is avai¬ 
lable at each site is thus fixed for every year ir¬ 
respective of the installed capacity of the power 
plant. The utilisation of this can, however, be 
scheduled to suit the requirements of the electric 
power system, depending upon the storage capa¬ 
city available for water. This puts the plant 
availability of hydro stations in a different class. 
The criteria for the most economic operation 
would be that (i) the hydro-electric plant exploit 
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the full energy potential of a site every year and 
(ii) fully meet the needs of the system in res¬ 
pect of high priced peak energy requirements by 
use of the hydroelectric installations in the com¬ 
bined system. Since the plant capacity installed 
is well in excess of the minimum needed for ex¬ 
ploiting the designed energy potential of any site, 
and the secondary energy available varies sea¬ 
sonally,. there is ample scope for scheduling the 
preventive maintenance and often even the over¬ 
hauls in the off peak periods or periods of the 
year when plant requirements may be less due 
to restricted water availability or restricted sys¬ 
tem requirements so far as hydro generation is 
concerned. This, coupled with the inherent 
simplicity and robustness of hydro-electric equip¬ 
ment have made the question of plant availability 
less critical for hydro-electric power plants in 
contrast to the importance of availability for 
thermal power stations. The experience in the 
country in recent years is reviewed below: — 

5. Figure 2 k 1 givles jthe energy generated 
in kilowatt hours per kilowatt of installed gene¬ 
rating capacity in the country, over the past 31 
years, i.e., from 1939 to date. The two main 
sources of energy generation have been the fos¬ 
sil fuel burning thermal power plant and the 
hydro-electric power plant. The effect of the 
various factors discussed in the foregoing can 
clearly be seen in Fig. 2-1. In the early years, 
most of the power stations operated practically 
independently. There were few inter-connec¬ 
tions and the power generation in individual 
power stations had generally to meet the load 
requirements from time to time independently. 
Naturally, the spare generating capacity had al¬ 
so to be kept available separately in each power 
station. This resulted in very low figure for 
kWhr per kW. in the early years. Further, 
some of the power stations took long to build 
up the load to their full capacity and this kept 
the utilisation at a low figure for a considerable 
time. The data regarding thermal power gene¬ 
ration plotted here includes the diesel power sta¬ 
tions as well as the steam ones. The diesel sets 
are usually run for electric power supply only 
for a few hours in the day. This has also con¬ 
tributed to the low plant utilisation. 

6. The apparent erratic nature of individual 
points of Figure 2-1 is partly due to the fact 
that when new power plant is installed in a year, it 


does not contribute substantially to the energy 
generation in the same year. This results 
in the utilisation showing a dip in that year be¬ 
fore rising higher in subsequent years. It is seen 
that the utilisation of thermal plant has been 
continually on the increase and has improved 
rapidly over the years after about 1954. This 
is partly due to the improvement in the load 
conditions and partly due to increasing degree 
of inter-connected operations of different power 
stations. This has naturally led to increasingly 
better utilisation figures for thermal power plants 
and decreasing figures of utilisation (in terms 
of kWh/kW) for the hydro power plants for 
the- reasons already discussed above. The utili¬ 
sation of hydro power plant has also shown ups 
and downs accordingly to the water availability 
in the respective years. « 

7. Generally, the overall plant utilisation 
has risen continuously till about 1964-65, show¬ 
ing the trend towards net overall improvement. 
This is the result of the inter-play of a number 
of factors such as inter-connected/integrated 
operation, enabling higher system demand to be 
met from the same installed capacity; reduction 
in the need for standby plant, the effect of the 
preventive maintenance practices yielding better 
plant availability etc. Table 2-1 shows the ex¬ 
perience in regard to plant utilisation in a num¬ 
ber of leading countries in the recent years. 
Under the conditions in India in regard to the 
hydro and thermal enegry resources it would ap* 
pear that we should strive to achieve the degree 
of plant utilisation achieved in the U.S.A. or 
U.S.S.R. if not that in Japan or Canada. 

8. In planning of largieir inter-connected 
power generation facilities the knowledge of out¬ 
age data for generating equipment has become 
of increasing importance. This is especially 
true now when probability methods are being 
increasingly used in deciding upon the extent 
of reserve capacity, optimum size of generating 
units etc. The question of plant availability 
and outage data require detail consideration for 
each mode of power generation and these are 
therefore examined further in the chapters on 
performance and problems of thermal power 
plants and hydro power plants respectively. The 
data on the brief period of commercial opera¬ 
tion of the Tarapur Atomic Power Plant is also 
presented here in Table 2.2. 
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9. It is evident that a uniform basis of re¬ 
porting plant availability and plant outage re¬ 
cords is essential for scientific analysis. There 
has been considerable confusion in this in the 
past and a number of different sets of defini¬ 
tions have been adopted by different bodies in 
the leading countries. It is proposed to adopt 
for our purpose the definitions evolved by the 
Edison Electric Institute after considerable work 
and experience over the last ten years. A set 
of these definitions is enolosed as Annexure 2-1. 

10. The performance and problems of ope¬ 
ration of the thermal as well as hydro-electric 
power plants have been studied and presented 
in a comprehensive manner in the subsequent 
chapter. The various elements affecting power 
plant availability and utilisation are also discuss¬ 
ed. All the studies support the following con¬ 


clusions for the generating plants in India. 

10.1 There is an urgent need to improve 
power plant availability and utilisation. For 
this, integrated operation of the power systems 
in every region as well as improvement in avai¬ 
lability of thermal power plants are necessary. 

10.2 Modern methods of scientific manage¬ 
ment, particularly operation analysis should be 
introduced immediately and utilised increasingly 
for improving the quality of preventive mainte¬ 
nance and reducing the plant outage time for 
maintenance. 

10.3 Separate technical cells for quality con¬ 
trol in operation and maintenance, improving 
fuel efficiency etc., should be set up in each orga¬ 
nisation directly under the Chief Engineer and 
in the case of Electricity Boards directly under 
Technical Members. 


TABLE 2-1 

Energy Generation in Different Countries from Various Resources 


Country 


Total Energy Generation 
(Million kwh) 


Energy Generation/kw installed 


U.S.A. 

Hydro 

Thermal 

Nuclear 


U. S. S. R. 
Hydro 
Thermal 
Nuclear 


Hydro 

Thermal 

Nuclear 


FRANCE 

Hydro 

Thermal 

Nuclear 


. 

149515 

196984 

225870 

4500 

4500 

4355 

, 

694155 

956942 

1197114 

4600 

4750 

4700 

• 

518 

3657 

12528 

1800 

4000 

4450 

Total 

844188 

1157583 

1435512 

4500 

4700 

4635 


50913 

81434 

104040 

3600 

3750 

3855 


241361 

425238 

534621 

4650 

4850 

4700 

Total 

292274 

506672 

638661 

4400 

4650 

4500 


. 

3133 

4625 

4446 

2670 

2630 

2060 

, . 

131758 

175532 

191660 

3740 

4070 

3625 

• 

2079 

15836 

27196 

6800 

6580 

5845 

Total 

136970 

195993 

' 223302 

3740 

4150 

3745 


• , 

40344 

46429 

50342 

3930 

3700 

3475 

, , 

31644 

54116 

64424 

2750 

3700 

3515 

• 

130 

897 

3159 

1340 

3090 

2485 

Total 

72118 

101442 

117925 

3330 

3700 

3465 
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TABLE 2-1— (Contd.) 



1 


2(a) 

2(b) 

2(c) 

3(a) 

3(b) 

3(c) 

JAPAN 

Hydro 



58471 

76420 

74570 

4200 

4800 

4180 

Thermal - 

, . 

. 

57001 

115672 

195014 

5200 

4930 

5635 

Nuclear 

• 

. 

• • 

36 

1027 

•• ' 

3000 

5740 



Total 

115472 

192128 

270611 

4880 

4850 

5140 


CANADA 


Hydro 

Thermal . 
Nuclear. 

. 

105883 

8574 

117064 

27090 

120 

134600 

39968 

858 

5670 

1960 

5600 

3800 

6000 

540o 

3720 

3900 


Total 

114457 

144274 

175426 

4980 

5110 

4870 

SWEDEN 

^ Hydro 

, 

31066 

46428 

48771 

4430 

5130 

4700 

Thermal . 

. * . 

3652 

2648 

7443 

1870 

980 

2260 

Nuclear 

. 

•• 

18 

23 

•• 

1800 

2 300 


Total 

34718 

49094 

56237 

3850 

4170 

4110 


ITALY 


Hydro 

Thermal . 
Nuclear . 
Others 

. 

46106 

5030 

2104 

43008 

33874 

3510 

2576 

43477 

50264 

2576 

2694 

3650 

1680 

7330 

3030 

3860 

1500 

7700 

2945 

3500 

4010 

7260 


Total 

56240 

62968 

104011 

3200 

3390 

3450 

INDIA 

Hydro 

. 

7847 

15233 

20320 

4250 

3700 

3425 

Thermal • 

. . r~ 

12276 

21592 

92200 

3300 

3570 

3470 

Nuclear 

. 

•• 

•• 

•• 

•• 

•• 



Total 

20123 

36825 

49520 

3590 

3650 

3460 


Note .—Energy generation per KW installed have been worked out on the basis of average installed capacity during 
the year. 

Source : U. N. Statistical Year Book—1968. 



TABLE 2—2 

Plant Availability & Utilisation at Tarapur Atomic Power Station 
Two Generating Sets Rated 210 MW EACH 
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SECTION 2 

STUDY OF PLANT AVAILABILITY ON A 

NATIONWIDE BASIS 


1. The-question of availability of equipment 
has been discussed in great detail in the Studies 
in this Report. In the past, the power stations 
have been constructed and operated in an isolated 
manner. Even within the organisation of a single 
State Electricity Board, there has not been ade¬ 
quate pooling of information and experience re¬ 
garding working of the power stations and other 
electrical installations. This has resulted in inac¬ 
curate as well as inad^puate appreciation of the 
problems involved and of the significance of the 
various factors contributing to the unsatisfactory 
working of the power system components. In 
fact, in many cases, it has not been possible to 
even establish any norms for the operation, with 
the result that it has not been possible to say, 
in a scientific manner whether the operation has 
been satisfactory. Now with the large number 
of generating units of each category already in 
operation, a very powerful tool can be forged in 
the shape of statistical and engineering analysis 
of the data regarding plant availability. 

-\ 

2. Introduction of statistical and engineering 
analysis will enable a number of very useful 
studies leading to: — 

(i) Establishment of norms of availability 
(including partial availability) for each 
type of equipment; 

(ii) Continuous monitoring of the perform¬ 

ance of the operation and usage of equip¬ 
ment in different power stations; 

(iii) Evaluation of new technological inno¬ 
vations or procedures, apparatus, etc. in 
regard to their effectiveness in improv¬ 
ing the performance of power installa¬ 
tions; 


(iv) Identification of problems faced by the 
various units of power supply industry' 
on a broad national base, leading to 
formulation of the most economical and 
reliable solution ; 

(v) Evaluation of the efficacy of integrated 
operation and system load despatch pro¬ 
cedures in use; 

(vi) Provision of basic data for formulating 
the policies regarding spares inventories, 
technical manpower requirements, spe¬ 
cial T. & P. etc.; and 

(vii) Provision of basic data for planning of 
future programme of power develop¬ 
ment. 

3. It is quite clear from our Studies that any 
analysis of equipment availability will have to 
be comprehensive. The availability is normally 
measured in terms of hours (or proportion of 
time) for which the equipment is available for 
use in a year. It is seen that, in the working of 
many power systems in the country, this is inad¬ 
equate; for considerable periods, the power plant 
may be “available” but its capability may be 
severely limited. Such occurrence may be much 
more serious than what the loss in generating 
capacity would indicate. If a 60 MW thermal unit 
is capable of generating only half the power for 
one reason or the other, then under certain con¬ 
ditions, its efficiency and heat rate may be much 
worse than that of a generating set rated at 30 
MW. This means that the economy of installation 
of a larger generating set is not only wiped out 
but, in fact, the set with a reduced capability may 
be subject to much faster wear and tear and also 
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be much more costly to operate for production 
of energy. It is, therefore, necessary that such 
partial availability should be taken note of, 

4. The information required for studies in 
this connection may be divided into two parts. 
Firstly, all the relevant information regarding each 
item of equipment must be collected together and 
properly organised. This information can, in fact, 
be made into a “Data Bank” which can be drawn 
upon throughout the life of the plant. Any modifi¬ 
cations to the plant and equipment or changes 
in its parameters on account of its age or any 
improvements, renovations etc. will have to be 
taken note of as and when these occur. Second¬ 
ly, information regarding the operation of the 
plant will have to be reported periodically. Year¬ 
ly returns may serve the purpose but it would ap¬ 
pear highly desirable to have six-monthly returns 
in this respect. Timely submission of full infor¬ 
mation is highly important. Failure in this re¬ 
gard on the part of even a few organisations 
would delay the processing, analysis and study 
of the information and would greatly mar the 
value of these studies and the benefit to be deriv¬ 
ed by other organisations also. 

5. A few points that would deserve particu¬ 
lar attention in setting up such a system of data 
collection and processing may be mentioned here. 

5.1 The format for data collection should be 
very stable. Frequent changes in the format create 
a lot of confusion and make it extremely difficult 
to carry out any statistical analysis. The format 
should, therefore, noLbe changed for periods of 
at least 5-7 years at a time. This also indicates 
the great deal of care and thought that would 
be required in formulating the questionnaires, 
proformae etc. for data collection. It may be 
worthwhile to prepare trial drafts in the first in¬ 
stance and try these out on two or three power 
systems covering the whole range of expected 
data for some short periods. Trial studies can 
also be made on the basis of such data and 
thereafter the questionnaires proformae etc. can 
be finalised. 

5.2 The various questions should be unambi¬ 
guous and preferably should be capable of being 
answered in terms of “yes/no” or by giving a 
number. For this purpose, the questions and the 
form of answers can be coded, taking into ac¬ 


count the various possible answers. This proce¬ 
dure will, in fact, have to be carried to a great 
deal of refinement if use is to be made of com- 
putors for the purpose of analysis and studies. 

5.3 One great hurdle in all such data collec¬ 
tion is an inadequate appreciation or understand¬ 
ing of the questions by persons responsible for 
furnishing the answers. It is, therefore, necessary 
to have clear cut definitions for all the terms to 
be used and detailed instructions must be drawn 
up regarding the manner in which the data is to 
be furnished. 

6. One important factor in success of such 
work is the feeling of purposefulness. The Cen¬ 
tral organisation which may be in-charge of the 
work of analysis studies etc. must carry out its 
part of the work with utmost speed, diligence and 
thoroughness and make the results of the studies 
available to the organisations contributing the 
data. Such feed-back of the results to the 
Electricity organisations throughout the country 
will help in creating an awareness of the use and 
purpose of this work and will greatly assist 
timely collection of the requisite data. 

7. In this connection, it would be worthwhile 
to profit by the experience gained by the Edison 
Electric Institute and its vast network of consti¬ 
tuent companies in the U.S.A. Under a Research 
Project of the Institute (Project No. 76), the data 
collection and analysis system for availability in¬ 
formation has been under study for expanding 
the analysis and dissemination capability of the 
EEI Equipment Availability system. The past few 
years have been a tremendous growth in demand 
for availability information for,the various pur¬ 
poses already recounted before. This led to the 
development of numerous data collection and 
analysis system by different groups in the electri¬ 
cal industry. Many power companies were faced 
with the burden of reporting the same outage 
data to support many of these systems. This led 
to wasteful duplication of effort and, moreover, 
the wide variety of defects in reporting instruc¬ 
tions made comparison of results often meaning¬ 
less. As a result of the above Research Project, 
new reporting instructions have now been devis¬ 
ed to accommodate all the modern types of gene¬ 
rating plant and equipment and to reduce ambi¬ 
guity as well as preparation time for the data 
wherever possible. All the data to be utilised have 
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been organised into a single historical data base 
instead of annual summaries kept previously. In 
this way, each outage can always be related to 
the design information and other outages for a 
particular generating unit. This is the same basic 
approach as has already been followed in the fore¬ 
going studies of the Power Economy Committee, 
taking note of the individual generating units, as 
identifiable units. The EEI have found that this 
greatly expands the analysis capability of the 
system. In the past, the equipment availability 
information has been published by EEI, in the 
shape of an annual report. It is now felt that 
this report utilises only a small fraction of the 
information potential available. In order to meet 
the different needs of the different industry 
groups, the matters have been so arranged that 
besides the one published report, several sets of 
computor reports geared to the needs of specific 
industry groups are now feasible. The Figure 2-2 
shows the flow of information in this new system. 
It may be noted that input of data into the data 
base, the retrieval of selected data and analysis 
of selected data are completely independent func¬ 
tions. This permits retrieval and analysis of data 
at any time with whatever data that may be cur¬ 
rently available in the data base. 

8. While the procedures for annual report¬ 
ing to main industry groups are yet being esta¬ 
blished, it has been ensured that each organisa¬ 
tion submitting data to the Institute for these 
studies will receive a report on each of the units. 
Any errors detected by the system will be 
indicated in these reports and this automatic 
error detection and feed-back will continually 
improve the integrity of the data base. 

9. As a result of the experience of the last 
nine years, the data collection system has been 
further revised and streamlined recently (January 
1970). The data reporting is now in three parts: 

9.1 Part-I is a tabular statement in respect 
of each generating unit giving the data and period 
of each outage, its cause, any time lost in wait¬ 
ing, man-hours worked on primary cause, man¬ 
hours worked on major equipment and reduction 
of capacity due to partial outage. All the data 
regarding the types of outages and causes there¬ 
fore are digitalised by assigning standard code 
numbers to these. All the other information is 


also expressed in a uniform manner in numeri¬ 
cal form. The prescribed proforma is given in 
Table 2-3. 

9.2 Part-II gives a yearly summary of ope¬ 
rating data. This includes the maximum depen¬ 
dable capacity of the units. The type of loading 
(Base, peak, etc.), hours of running, number of 
starts of unit, total energy generation and auxili¬ 
ary consumption, fuel particulars etc. 

9.3 Part-Ill is the basic design data for each 
generating unit and this is to be submitted only 
once during the life of each generating unit. Sub¬ 
sequently, this data is to be resubmitted only if 
major changes are made, altering the characte¬ 
ristics significantly. Separate proformae are pres¬ 
cribed in respect of data for fossil fuel burning 
units, hydro electric units, nuclear units etc. and 
distinction is also made between gas turbines, 
diesel or steam units. These data are required 
to be given in a fairly detailed manner and form 
the basis of the data bank for the computorised 
system of analysis. 

10. A study of this system indicates that it 
would be very well suited for adoption in India 
with a few modification in some of the proformae. 

11. Exchange of Operating Experience 

11.1 One more step in the scope of improv¬ 
ing economy in power generation is promoting 
exchange of operating experience of various 
stations. At present, there is in general a hesi¬ 
tancy and reserved outlook on the part of all 
power plant personnel about the occurrency and 
failures or accidents at their station. 

11.2 Every accident or occurrence has a natu¬ 
ral cause, which when determined gives recourse 
to remedial measures. Generally, the causes can 
be classified under “incontestably clear” or ‘ seem¬ 
ingly clear” or “temporary not sustained”. In 
case of “incontestably clear” cases solution can 
easily be determined. In case of “temporary but 
not sustained”, the operating staff can be advised 
expedient solutions to prevent the temporary con¬ 
dition recurring. But in case of “seemingly clear” 
cases, there is a definite chance of recurrence of 
the accident probably with heavier damages. Parti¬ 
cularly in such cases “exchange of operating ex¬ 
perience” would be of great help. 
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11.3 Generally, “exchange of operating ex¬ 
perience” will help in: 

(a) reduction of occurrences or accidents 

(b) reliability of operation 

(c) economy 

(d) development of power plant technology 

(e) and most important of all, improve¬ 

ment in the understanding of operating 
personnel. 

11.4 These can be achieved by convening 
conference of senior staff of various 
power stations to discuss their operating experi¬ 
ence with an open mind. Further, each of them 
can put forth problems which may be hampering 
their plant operation and may find from one of 
the other participants a suitable solution. Such 


a Conference should be conducted by an agency 
such as CWPC. All participants should earlier 
give details of problems solved and problems for 
which they seek an answer. These should be 
circulated to all the participants so that suitable 
solutions can be obtained. 

It is felt exchange of operating experience 
can to a large extent improve the standards of 
operating staff, reduce outages and occurrences 
which will add to the fuel economy. 

Such meetings or conferences of power plant 
authorities are regularly held in United States and 
Germany. 

12. If the above system of voluntary report¬ 
ing of problems does not work satisfactorily, sta¬ 
tutory regulations making compilation and supply 
of such information obligatory should be made. 
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SECTION 1 

GENERAL 


1. Hydro-electric power stations constituted 
about 42% of the installed capacity in the coun¬ 
try in 1968-69 and provided about 40% of the 
energy. Hydro-electric generation is thus res¬ 
ponsible for providing a far greater proportion 
of country’s energy supply than is the case in 
many advanced countries. This position is like¬ 
ly to be maintained for a considerable time on 
aacount of the many attractions it offers in regard 
to initial cost, foreign exchange cost, operation 
cost etc., and the fact that a large number of 
favourable sites still remain to be exploited. 

2.1 Utilisation of water power started very 
early, the first significant stations having been 
constructed in the first decade of the 20th cen¬ 
tury, The initial developent of power grids in 
the country also centred round hydro-electric 
schemes as in Mysore, Maharashtra, Kerala, 
Madras, Punjab and U.P. This trend continued 
and intensified in the post Independence era 
through such schemes as Hirakud. Bhakra, Cham- 
bal Valley Development, Koyna, Rihand, Bara- 
pani, Jaldhaka, Sharavathy, Sabarigirj and Kunda. 
Evolution of composite hydro-thermal grids also 
began to be noticeable by this time as in the case 
of Damodar Valley Corporation, the Madras sys¬ 
tem, the Bombay-Poona area in Maharashtra etc. 
With the taking up of Multipurpose River Val¬ 
ley Projects, flood control projects, etc., greater 
attention also came to be given to a variety of 
hydro-electric schemes and their planning for co¬ 
ordinated operation in the interests of better uti¬ 
lisation of resources. Very significant contribu¬ 
tions have been made in this latter field by the 
Central Water and Power Commission and its 


predecessor bodies. This includes the nation¬ 
wide hydro-electric survey which has provided 
the basis for all further work. 


3. Presently, a great deal of attention is be¬ 
ing devoted to the design of water power stations. 
With the emergence of vast interconnected and 
integrated power systems covering the whole 
length and breadth of the country, the different 
modes of power generation will also assume ra¬ 
ther specialised functions. The large nuclear and 
thermal power stations will be increasingly con¬ 
sidered as “kilowatt-hour factories” endeavouring 
to generate as much energy as possible at the 
lowest possible cost. The hydro-electric power 
stations on the other hand, will have a dual role. 
Firstly, they will endeavour to extract all the 
energy potential that may be available in the 
waterways of the country year to year and season 
to season. Secondly, the exploitation of this 
energy potential will also be re-regulated to meet 
the highly variable requirements of the system 
loads at various times and various places. The 
re-regulation will result in a manifold enhance¬ 
ment of the value of the energy available from 
water and system peak loads will be met. The 
flexibility, ease of control and simplicity of hy¬ 
dro-electric developments will be utilised for opti¬ 
misation of the power system performance and 
provision of peak loads, frequency regulation etc. 
This makes it important to design, construct and 
operate the hydro-electric installations in a highly 
reliable manner obtaining a full measure of the 
flexibility and economy of operation. 


4—1 M of I & P/71 
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SECTION 2 

REVIEW OF HYDRO ELECRTIC 
DEVELOPMENT 


1. Although India had an early start in the 
field of Hydro-electric development, the tempo of 
development was very slow indeed upto the time 
of independence. By that time, the total install¬ 
ed capacity came to about 500 MW distributed 
over 11 power stations and about 49 generating 
units. Since then about 195 generating units to¬ 
talling a capacity of about 5728 MW have been 
installed and commissioned (July 1970). 

2. Figure 3-1.1 shows the number of gene¬ 
rating units added each year since independence. 
An integral curve on 1/10 scale has also been 
plotted to show the total number of generating 
units commissioned since independence by the 
end of each calendar year. Another cumulative 
(integral) curve shows the total number of gene¬ 
rating units in commission in the country by the 
end of each year, taking into account the generat¬ 
ing units commissioned before independence also. 

3. Figure 3-1.2 shows the same data as figure 
3-1.1 but expressed in terms of MW as installed 
capacity instead of number of generating units. 
The bar chart in this figure shows the MW capa¬ 
city added in each calendar year and the two in¬ 
tegral curves show respectively the total generat¬ 
ing capacity added since independence and the 
total generating capacity taking into account the 
pre-independence installations have been plotted 
against the year 1947 for reference. In these 
two curves, on the time scale of the year, the 
periods of the successive 5-year plans have also 
been marked. It would be noticed that although 
the ‘number of units added every year’ has shown 
distinct improvement in each successive plan pe¬ 
riod, the position in this respect is somewhat er¬ 
ratic. This would seem to bring out the need 
of proper perspective planning for the country as 


a whole and that too on a continuing basis instead 
of from plan to plan. 

4. The range of hydro-electric installations 
covers practically the entire spectrum of hydro¬ 
electric development and there are with us power 
plants of almost every well-known manufacture 
in the world. The range of head utilised extends 
from 4 m. (at Kosi, recently commissioned) to 
867 m (at Pykara). The maximum rated flow 
handled by a single turbine is 170 mi per sec. (at 
Hirakud) and the flow through the 75 MW Ukai 
turbines to be commissioned shortly will be 180m 5 
/s per machine. Figure 3-1.3 shows the rating of 
the largest generating unit in operation in the 
country from year to year. In keeping with the 
general trend in the world, the unit size in India 
has also grown from about 20 MW in 1947 to 
120 MW in 1966. Units of 130 MW (Iddiki) and 
165 MW (Beas Stage I) have now been planned 
for new power stations under construction and 
bigger units are being considered for some of the 
schemes under planning. Although much bigger 
units have already been planned and installed 
elsewhere in the world. It is to be remembered 
that in the field of hydro-electric generation the 
general trend does not necessarily indicate the 
most economic solution which appropriately have 
to be matched to the environmental conditions of 
the scheme and the sites of development. 

5. Figure 3-1.4 shows the number of genera¬ 
ting stations added each year. This has been 
drawn up on the same lines as figure 3-1.1 and 
figure 3-1.2. It is seen that the tempo of deve¬ 
lopment had increased, till in 1966 and 68, 17 
and 14 new units were respectively added contri¬ 
buting 918 MW and 715 MW of new capacity. 
This tempo has, however, fallen off and is not 
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likely to be reached in the current five-year plan. 
This is a serious set-back. 

6. A curve showing the total number of hy¬ 
dro power stations in operation from year to year 
has also been added. In 1947, at the time of in¬ 
dependence, India had only 11 hydro-electric 
power stations in operation. During the first five 
years, the additions to the installed capacity were 
in the shape of additional units in the existing 


power stations. The first three new power stations 
(after independence) were the power stations com¬ 
missioned in the year 1951-52 (in Tamil Nadu, 
Uttar Pradesh and Maharashtra). The total num¬ 
ber of hydroelectric power stations now stands 
at 65. (It may here be stated that hydro-electric 
units of less than 1000 kW or micro hydel in¬ 
stallations are not included in the above review. 
Also, here the power station is taken to mean a 
hydro-electric installation in a single building.) 
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SECTION 3 

GEOGRAPHICAL CONSIDERATIONS 


1. Hydro-electric installations in the country, 
as mentioned above, cover a comprehensive range 
of heads, ratings and site conditions. When giv¬ 
ing consideration to the economy, operating pro¬ 
blems and reliability of hydro-electric generation, 
it is necessary to take account of the entire work 
of the project, including the hydraulic works for 
storage and conveyance of water, the regulation 
features as well as the power station installation. 
The initial cost as well as operational features 
and problems are greatly influenced by factors 
of topography, geology and hydrology of a parti¬ 
cular site. Hydro-electric installations thus have 
a close relationship with the geographical factors. 
These can be employed as a basis: for a rational 
classification. 

2. The hydro-electric installations in India 
may be broadly classified as (i) Himalayan and 
(ii) Peninsular. 

3. The category of Himalayan schemes would 
cover those located in the Himalayan mass itself 
as well as in the associated young-fold mountains 
such as in NEFA, Nagaland, and the Shiwaliks. 
The low head developments in the sub-Himalayan 
plains can also be included in this class. The to¬ 
pographical and geological peculiarities of this 
region are well-known and, in turn, determine 
the main features of the Hydro-electric schemes. 
The main river channels in this area are characte¬ 
rised by deep gorges and narrow valleys. The 
valleys of tributary streams are also steep and 
narrow, offering very little storage facilities. The 
geological formations are relatively recent, giving 
rise to problems of construction as well as those 
arising from silting and erosion. Significant 
storage possibilities occur only in the lower por¬ 
tion of the course of the rivers, just ahead of 


their exit through the mountains. The rainfall is 
on the average less than for some other main 
mountains in the country. The pattern also 
ranges: from a purely monsoon type in the east 
to purely cyclonic at the western end. A very 
significant respect in which the Himalayan hydro¬ 
logy differs from that in the rest of the country 
is in regard to glacier and snow storage which 
give rise to significant discharges in the streams 
in summer and a slightly different pattern of flow 
than is the case with purely monsoon fed rivers. 

4. The Peninsular topography which covers 
most of the country ranges from mature to senile. 
At two or three locations such as in Western Ghats 
and Assam steep escarpments are available, pre¬ 
senting very favourable conditions for hydro¬ 
electric development. Concentrated falls are al¬ 
so presented by local features such as the Nilgiries, 
which essentially forms a very elevated plateau. 
The mature valleys generally offer good storage 
sites and some possibility of very large storage 
at economic cost are known. Almost every¬ 
where, the geology is more stable than in the 
Himalayas. The hydrology over this entire area 
is purely monsoon, although many gradations of 
this are to be found. The escarpment features 
such as Western Himalayas or the Southern face 
of Khasi-Jaintia hills which face the monsoon, 
receive extra-ordinarily heavy rainfall which goes 
on decreasing sharply inland. Areas in the Sou¬ 
thern peninsular facing the Bay of Bengal receive 
significant winter rainfall from the return mon¬ 
soon. 

5. These factors affect the character of the 
hydro-electric plant in the different areas. The 
Himalayan schemes are characterised usually by 
meagre and costly storages. Very often, at least 
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up to the present these have to be made as run- 
of-the-river schemes. Heavy silt and boulders 
and bed-loads in the waters have to be taken into 
account. Development of larger heads usually 
require construction of fairly long tunnels, chan¬ 
nels etc., in usually difficult geological and topo¬ 
graphical conditions. These factors also play a 
part in the operation and maintenance of the 
scheme where problems of erosion, breach of 
channels, blocking by boulders and other similar 
factors have to be taken care of. The high sum¬ 
mer-flows resulting from glaciers and snow-sto¬ 
rage, however, compensate for many of the other 
problems and help to yield greater dependable 
power in spite of smaller storages. Schemes par¬ 
ticularly in the upper-reaches can be utilised pure¬ 
ly for power purposes as the demand of irrigation 
etc. Influence only the lowest reservoir just be¬ 
fore the debouch of the river into plains. In 
view of the inadequacy of storage, the need for 
co-ordinated operation would be evident for im¬ 
proving energy utilisation at the site. 

6. The Peninsular schemes in general are 
provided with reasonable amount of storage. 
Schemes already completed or under construction 
have storages up to 12,000 million cu.m. (Nagar- 
jun Sagar). Some reservoirs such as at Gandhi- 
sagar (gross storage 9,000 million cu.m.) are 
capable of storing almost twice the average annu¬ 
al flow of the rivers and can help to provide re¬ 
gulation over a number of years. By a combina - 
tion with the escarpment features mentioned 
above, it has been possible to develop many high- 
head schemes with adequate storage such as at 
Koyna, Sharavathi and Idikki. Over most of the 
country, however, in the mature valleys the deve¬ 
lopment have to be of the low or medium head 
type with power stations located at the dam or 
occasionally with power channels. The cost of 
storage is also usually low as compared to the 
Himalayan schemes, although, due to concentrat¬ 
ed monsoon rainfall, the cost level is higher all 


over the country as compared to countries hav¬ 
ing more distributed rainfall. Due to monsoon 
hydrology, it is practically impossible to consider 
schemes purely of the run-of-the-river projects 
without storage in the Peninsular region. The 
constituent therefore helps to secure a balance in 
the economy of Peninsular and the Himalayans 
Schemes. The stable geology lends usually to 
simpler and unhindred construction. The con¬ 
struction and operation probles are simple and 
are relatively easier. 

7. The Himalayan areas have throughout 
been considered highly seismic. The construc¬ 
tion of major works in this region is therefore 
further constrained by these factors. However, 
after the major earthquakes which have recently 
occurred over the Peninsular areas (such as the 
Koyna earthquake of 1967) it is necessary to 
consider the entire country as susceptible to seis¬ 
mic activity. The entire area in Assam includ¬ 
ing that belonging to Peninsular topography is 
also amongst the most seismic in the world. Pro¬ 
visions for safety against earthquakes have there¬ 
fore now to be incorporated in almost all the 
schemes in the country. Another problem, which 
affects the cost of hydro-electric schemes in this 
country is the prevalence of heavy flood flows due 
to monsoon nature of rainfall. These tend to in¬ 
crease the cost of storage and regulation works, 
cross drainages etc. as well as the power stations. 
The rise in water level during floods at some of 
the water power installations amounts to 20 or 
25 metres. 

8. In the face of the above considerations it 
is necessary to devote attention to better designs 
for improving both economy and efficiency of 
hydro power generation. Particular thought 
needs to be given to the problem of the ‘Hima¬ 
layan’ type of schemes, as a very large propor¬ 
tion of water power potential to be developed in 
future lies in this area. 
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SECTION 4 

ECONOMIC CONSIDERATIONS 


1. It is a peculiarity of hydro electric power 
developments that the cost of working these in¬ 
stallations is practically independent of the 
amount of energy produced. Only in rare cases, 
the water used for power generation is required 
to be paid for (This would correspond to the cost 
of fuel in the thermal power stations). In almost 
all the water power developments however, the 
cost of water is included in the capital cost of 
the project, even where the water resource is 
developed for multiple purposes. The cost of 
power generation is, therefore, made up of simply 
the interest, depreciation and operation and main¬ 
tenance charges. Typically, the interest charge 
amounts to about 60%, the depreciation about 
22% and the operation and maintenance about 
18% of the annual cost of a hydro electric in¬ 
stallation. It is, therefore, quite clear that the 
lowest cost of energy production will be achieved 
when (i) the maximum possible amount of ener¬ 
gy is generated at any given site and when the 
annual charges are reduced to a minimum, (ii) 
When working in an inter-connected system a 
hydro electric development can further (iii) con¬ 
tribute to optimising the working of a system by 
contributing the highs priced peak energy, thus 
enabling better utilisation of the thermal power 
plants. 

2. From these basic considerations, the main 
factors that can contribute to maximum degree 
of economic working are as indicated below: — 

2.1 Adequate and competent planning and 
design: This influences all the three factors stat¬ 
ed above and is, therefore, of the highest impor¬ 
tance. The planning has to fit a scheme in the 
overall plea for a region. A scheme has to fit 


in the electrical system of the region in respect 
of its energy as well as power potential, secon¬ 
dary power, inter-connections, reactive power 
contribution etc. On the water side, the scheme 
has to fit into the overall plan for development 
of the water resources for a number of competi¬ 
tive uses including irrigation, flood control etc. 
Effect of other developments on the same stream, 
their coordinated operation and optimisation of 
the benefits all enter into the picture. 

2.2 Consideration is next required to mini¬ 
mise the capital cost of the given scheme. This 
is also a complex matter and detailed and tho¬ 
rough field investigations, thorough knowledge 
of the construction methods and capabilities, geo¬ 
logy, hydraulics, communications, and other con¬ 
siderations come into the picture. The detailed 
design work greatly influences speed and case of 
construction of the project as well as its reliabi¬ 
lity and ease of operation and maintenance. All 
these point to the great importance of adequate 
design capability and detailed and thorough field 
investigations. These matters are considered fur¬ 
ther elsewhere in this report. 

2.3 As already mentioned, the speed of pro¬ 
ject execution is a very peculiar factor affecting 
its capital cost. Delay in construction delays the 
benefits from the project and also increases its 
capital cost. This matter is considered in greater 
detail elsewhere. 

2.4 The cost of the plant and equipment 
form a relatively small proportion of the total 
capital cost. However, it affects the cost of ener¬ 
gy to a greater extent than the civil works’ cost, 
because of the relatively higher depreciation and 
its greater share of the cost of operation and 
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maintenance. Since the new water power deve¬ 
lopments will have to depend exclusively on the 
plant and equipment to be supplied by the indi¬ 
genous manufacturers, this factor has recently as¬ 
sumed a new dimension. For various reasons, 
the cost of plant and equipment supplied by M/s 
H.E. and B.H.E. are disproportionately high com¬ 
pared to the costs experienced in the past. 

Table 3-1 gives the prices given by M/s. Heavy 
Electricals or M/s. Bharat Heavy Electricals as 
the case may be for the generating sets planned 
on them. The prices range from 127 to 665 Rs/ 
KW with Rs. 268 per KW as the median value. 
Some more recent prices are understood to be 


even higher. Table 3-2 gives the prices of hydro¬ 
electric generating sets imported in the last decade 
(since 1961). The ratings of the sets cover a 
similar range but the prices vary only between 
Rs. 76.2 and 249 Rs./KW. The median 
value is also low at Rs. 129.2 per KW. The high 
prices of indigenous manufacture is an important 
factor in increasing costs of water power. 

Inadequate design capability in the newly 
set up manufacturing units also contributes sub¬ 
stantially in increasing the cost as well as time 
of construction of the projects. This factor, 
therefore, presents a great deal of scope for im¬ 
provements. 


TABLE 3—1 

Prices quoted by Indigenous Manufacturers for Hydro-Electric Generating Sets 


s. 

No. 

Name of Project 

Installed 

capacity 

MW 

Prices Quoted 
(Rs. lakhs) 

Turbines Generators 

Price Rs./kW 

Turbines Genera¬ 
tors 

Price Rs. 
kW 

Genera- Remarks 

tor Set 

1 

2 


3 

4 

5 

6 

7 

8 9 

1 

Chibro . 

. 

. 4x60 

240-48 

287-44 

100 

120 

220 

2 

Obra 


. 3x33 

126-60 

114-60 

161 

146 

307 Prices are pre- 









devaluation. 

3 

Ramganga 


. 3x60 

149-70 

230-13 

83 

128 

211 

4 

Dehar . 


. 4x165 

345-36 

495-24 

52 

75 

127 

5 

U.B.D.C. 


. 3x15 

99-96 

119-79 

222 

267 

489 

6 

Upper Sindh 


. 2X11 

38-40 

59-84 

170 

265 

435 

7 

Bassi 


. 3x15 

38-67 

41-22 

108 

115 

223 Prices are pre- 









devaluation. 

8 

Sharavati III 


. 2x89 

138-68 

195-04 

78 

110 

- 188 

9 

Ukai 


.4X75 

308-40 

301-60 

103 

100 

203 

10 

Koyna 111 


. 4X80 

213-92 

262-24 

67 

82 

149 

11 

Gumti . 


. 2X5 

31-28 

35-20 

313 

352 

665 

12 

Giri 


. 2X30 

80-28 

95-42 

133 

159 

292 

13 

Chenani . 


. 2x4-6 

36-00 

for two 



391 






sets. 




14 

Kunda IV 


. 1X50 

133-96 

for the 



268 






set. 







2218-2 
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TABLE 3—2 


Prices quotbd for imported Hydro-Electric Generating Sets 


SI. 

No. 

Name of Project 

Installed 

capacity 

(MW) 

Year of 
order 

Prices quoted 
(Rs. lakhs) 

Price Rs/kW on 
F.O.R. basis* 

Price 

Rs/kw 

Turbines Generators Turbines 

Generators set on 
F.O.R. 
basis* 


1 

2 

4 

4 

5 

6 

7 

8 

9 

10 

1 

Upper Sileru (Andhra) • 

2x60 

1961 

43-35 

f.o.b. 

62-18 

f.o.b. 

53-0 

76-2 

129-2 


2 

Mettur Tunnel 
(Madras) 

2x50 

1961 

73-88 

c.i.f. 

70-23 

c.i.f. 

101-6 

96-4 

198-0 


3 

PeriyarlV Unit 
(Madras) 

1x35 

1961 

6-93 

c.i.f. 

15-82 

c.i.f. 

27-25 

62-25 

89-5 


4 

Yamuna I Stage 
(Uttar Pradesh) 

2x1125 

1962 

21-49 

f.o.b. 

14-42 

f.o.b. 

140-2 

94-2 

234-4 


5 

Barapani . . . 

3x9 

1961 

9-81 

f.o.b. 

12-09 

f.o.b. 

53-4 

66-0 

119-4 


6 

Matatila .... 
U.P. 

3x10 

1961 

17-03 

f.o.b. 

15-06 

f.o.b. 

83-5 

73-7 

157-2 


7 

Sholayar 

(Kerala) 

3x18 

1961 

12-29 

f.o.b. 

22-41 

f.o.b. 

33-5 

61-1 

94-6 


8 

Pamba .... 
(Kerala) 

6x50 

1962 

141-5 

f.a.s. 

123-81 

f.a.s. 

69-5 

60-6 

130-1 


9 

Koyna II Stage 
(Maharashtra) 

4x75 

1962 

79-6 
c.i.f. 

86-77 

c.i.f. 

36-4 

39-8 

76-2 


10 

Sarkarpaty . 

1x30 

1962 

10-61 

f.o.b. 

12-15 

f.o.b. 

52-0 

59-5 

111-5 


11 

Purna .... 

3x7-5 

1963 

16-60 

f.o.b. 

21-22 

f.o.b. 

110-0 

139-0 

249-0 


12 

Bhakra Right Bank 

4x120 

1963 

179-6 

c.i.f. 

197-5 

c.i.f. 

51-4 

56-6 

108-0 


13 

Balimela • 

6x60 

1964 

94*8 

c.i.f. 

139-0 

c.i.f. 

36-3 

53-1 

89-4 


14 

Sholayar 

(Madras) 

1x25 

1965 

8-94 

f.o.b. 

14-98 

f.o.b. 

52-6 

88-4 

141-0 


15 

Jaldhaka 

1x9 

1965 

5-02 

f.o.b. 

8-02 

f.o.b. 

82-2 

131-0 

213-0 



*F.O.R. prices have been calculated on the following basis : 


F.O.B. Price = 1'005 F.A.S. Price. 
C.I.F. Price = 1- 07 F.O.B. Price. 
F.O.R. Price = 1-375 C.I.F. Price. 
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SECTION 5 

MODERNISATION 


1. One interesting facet of modern techno¬ 
logical development is that the economic benefits 
of' some of the very old hydro electric plants can 
be improved very considerably by modernisation. 
The scope for this occurs for several reasons. 
Hydro electric installations, made long time back 
often employed rough and ready methods. With 
the modem technological refinements in hydrau¬ 
lics there is often very considerable scope for im¬ 
proving the performance or even the energy poten¬ 
tial of such sites. Remodelling of water diver¬ 
sion, conveyance and control systems can yield 
substantial improvements by reduction of losses 
and increasing reliability as well as ease of ope¬ 
ration & maintenance. 

2. The normal life of the hydro electric plant 
is generally taken as 35 years but there are in¬ 
stances where the power plant and equipment 
have been in operation much longer. The old 
machines are prone to frequent outages and give 
low efficiencies. By replacement of these 
machines by modern ones, considerable improve¬ 
ments can be achieved. Modern turbines have 
substantially better efficiencies and the range of 
application of the reaction turbines has extended 
so much that, in many cases, it is possible to re¬ 
place the existing impulse turbine installations 
by reaction once thus gaining improved efficien¬ 
cies and increased output due to better efficien¬ 
cies as well as higher utilisation of the head. 


3. Generators with improved insulation and 
closed-air-circuit ventilation give a much improv¬ 
ed performance. 

4. Renovation and augmentation of excita¬ 
tion system upgrading of the switchgear capaci¬ 
ties, installation of improved protection control 
and communication facilities are in any case re¬ 
quired for fitting the very old stations in the 
working of the modern inter-connected power 
system. 

5. It is felt that such modernisation of exist¬ 
ing power plants deserve more attention than 
what it has received in the past in this country. 
In the older hydro electric installations, the work 
and the cost invdlved in such projects for moder¬ 
nisation would often be found to be more paying 
than construction of new power projects. For 
comparable capacity there is hardly any expendi¬ 
ture involved for development of the working 
facilities at the site as the colonies, roads etc., 
are already existing. The design and planning 
of the work can also be done with greater cer¬ 
titude as the hydrology as well as geology of the 
area is already known definitely. The above 
considerations have already been found valid or 
the modernisation projects already under const 
ruction or execution such as Jogindernagar, Tata 
Electric Power Companies, Mohora, Sivasamu- 
dran etc. Other older installations are also likely 
to present considerable scope in this direction. 


5—11 & P/71 
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SECTION 6 

WATER MANAGEMENT 


1. Optimum utilisation of energy potential 
is intimately linked with proper water manage¬ 
ment. This fact is often overlooked. The actual 
operation of the power plant and the associated 
scheduling of water flows have to be guided main¬ 
ly by the designer’s operating criteria. Some of 
the power systems in India have suffered badly 
when this basic point has been ignored. 

2. As mentioned previously, no significant 
development of hydro power is possible in most 
parts of the country without adequate storages. 
The stored water or the storage space in the lar¬ 
ger, low or medium head installations is also 
needed for irrigation and flood control. The gross 
inflows are mostly subject to large variations from 
year to year in addition to seasonal fluctuations. 
This multiplicity of complex factors requires 
most careful attention to be paid to the water 
management not only at the planning stage but 
in the stage of operation also. 

3. It is not generally appreciated that the 
constraints on generation at a particular hydro 
electric plant are normally set by availability of 
water and not by the capacity of the plant as is 
the case with fuel burning plant. A particular 
hydro site with a given regulation facility and a 
specified method of operation in the system has 
a limited quantum of energy than can be gene¬ 
rated. This has to be carefully anticipated and 
programmed. Any transgressing of this limit 
can only lead to non-availability of energy at a 
later stage, upsetting the generation and capabi¬ 
lity not only of the plant but of the grid as a 
whole, overdrawal particularly in a reservoir ope¬ 
rating over more than one year will also result 
in reduction of plant capacity and also lead to 


operating difficulties for the plant. It is, there¬ 
fore, to be emphasised that operating schedules 
for hydro electric power plant should be made 
considerably in advance by a competent plan¬ 
ning and designs group taking the water avail¬ 
ability, system energy availability, capacity 
requirements etc. into account. These should 
then be strictly adhered to. 

4. Requirements like irrigation have an en¬ 
tirely different pattern of water requirements. 
Conflicting requirements for use of water for such 
purposes pose a challenging problem for impro¬ 
ving utilisation of hydro electric energy. The 
CW & PC have been striving hard to ensure pro¬ 
per attention to this aspect and to introduce the 
concept of coordinated operation of hydro-elec¬ 
tric power schemes. Hirakud was first such case 
with two power stations in series hydraulically. 
Another notable example is the Chambal cascade 
where, by provision of a series of three reservoirs 
—a large primary regulating reservoir at Gandhi 
Sagar, a re-regulating reservoir at Ranapratap 
Sagar and a pondage facility at Jawahar Sagar 
with power stations at the three dams it has 
been possible to utilise almost the entire river 
flow for the conflicting purposes of power gene¬ 
ration as well as irrigation. By proper planning 
operations the total plant installed has also been 
kept down to minimum. Similar studies made 
by CWPC have enabled vast improvements in the 
utilisation of energy from hydro electric schemes 
in Tamil Nadu by a complementary operation of 
high head, purely hydro electric schemes and low 
head irrigation controlled scheme. With this con¬ 
sideration it has been economical to add 200 MW 
at Mettur tfe ftittss. the energy available seasonal¬ 
ly in the irrigation pefkxl. M*jor improvements 
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have been made in the utilisation of energy from 
Bhakra reservoir by coordination of irrigation and 
power use and this will be still further improved 
with the advent of high head Dehar scheme de¬ 
signed for complementary seasonal operation. 
Another seasonal scheme planned recently is the 
Ram Ganga which will help to firm up the run-of- 
the-river energy of the numerous low head plants 
in Uttar Pradesh. Other seasonal storage schemes 
are under consideration in Jammu & Kashmir 
and elsewhere. Some of the instances quoted 
above illustrate the scope that exists for further 
improvement in utilisation of energy potential at 
a given hydro site in further stages of develop¬ 
ment. 

5. There are many instances of serious sea¬ 
sonal impairement of plant capability for long 
periods arising from injudicious water manage¬ 
ment. Capacity of the Gandhi Sagar power sta¬ 
tion was seriously impaired over a period of three 
or four years of successive drought. This reser¬ 
voir of gross storage capacity of over 9000 mil¬ 
lion cubic metres is designed to provide regula¬ 
tion of the river flows over a number of years 
so that utilisation of water approaches closely the 
average of the annual flow of the river. In the 
initial years of its working when years of good 
rainfall occurred, energy far exceeding the plant 
average output was drawn from the power plant 
situated at this dam resulting in over depletion 
of the “carry over” storage provided. As a con¬ 
sequence, when the first drought year occured, 
the reservoir storage was grossly inadequate. As 
alternative arrangements could not immediately 
be made, further depletion had to be made ulti¬ 
mately going even below the dead storage level. 
Fortunately the generating plant is of excellent 
design and construction and was able to operate 
under these arduous conditions with capacity re¬ 
duced to nearly 60 per cent. Further, due to in¬ 
sufficiency of water, it had to be operated for even 


much lower outputs. For considerable period, 
the plant had to be run merely as synchronous 
condenser. This is an extreme example which il¬ 
lustrates difficulties which may arise from faulty 
water management. Similar problems though of 
a smaller magnitude, are a common occurrence 
on many reservoirs. In the present situation of 
general power shortage, there are short sighted 
influences pressing for early overdrawal of water 
after storage, resulting in short falls later on in 
the same year or in the succeeding year depend¬ 
ing on the operation planning of reservoirs. 
These have come to notice all over the country. 
Recent examples are Tungabhadra, Rihand, etc. 
Presently (July 1970) the Bhakra reservoir is 
known to be suffering from a serious problem 
of this nature due to overdrawal of last year and 
early in the season. 

6. Considerable benefits can be secured even 
at the present time by close coordinated opera¬ 
tion of fuel burning and hydro electric plants and 
the problem should begiven close attention. The 
problem of finding adequate storages for the 
Himalayan schemes has already been mentioned. 
Vast majority of these schemes will have consi¬ 
derably higher power outputs available for many 
months in the year compared to the minimum 
‘dependable’ value which will occur for a short 
period,, and on the basis of which the scheme 
might be originally planned. Such schemes will 
require a periodical review for improving their 
energy utilisation whenever any new schemes 
offering any diversity are taken up. It hardly 
needs to be mentioned that improvement of ener¬ 
gy potential utilisation at a given scheme will 
result in more economic power generation. Close 
attention to water management especially in the 
context of integrated operation of all available 
plant in the grid for hydro electric schemes will 
lead to better utilisation of other plants as well 
as a lower cost of energy on the whole. 


27 



Power Economy Committee 


SECTION 7 


PLANT AVAILABILITY AND UTILISATION 
IN HYDRO-ELECTRIC POWER STATIONS 


1. The general basis on which the utilisation 
and availability of energy from hydro electric 
power stations have to be judged, has been dis¬ 
cussed earlier in the report. Basically, the avai¬ 
lability of any plant should be considered “Satis¬ 
factory”, if it is available for operation whenever 
required. In the case of hydro stations, the en¬ 
ergy potential at a site is the primary constraint 
and the generation is limited by the water available 
and the degree of regulation possible. The en¬ 
ergy generation has no direct relation to the in¬ 
stalled capacity of the plant, as the plant capa¬ 
city is designed to programme the energy at a 
load factor suiting the system requirements. The 
installed capacity is usually much in excess of the 
capacity required to exploit the planned power 
potential at 100% load factor. Further, the no¬ 
minal plant capacity provided at a hydro-electric 
site has often to be fixed taking into considera¬ 
tion the variations in the turbine output on ac¬ 
count of variation of head. Consideration has 
therefore to be given for criteria appropriate for 
judging the utilisation and availability of hydro¬ 
electric plants. Mere comparison with installed 
capacity of the plant is not adequate. 

2. Each hydro-electric plant is projected to 
provide a certain capacity value and to exploit 
a definite amount of energy potential at a given 
site. The storage type of development forms a 
great majority of hydro-electric installation in 
India. In these cases, there is a wide scope for 
scheduling the energy generation to match the 
requirements of the power system throughout the 
year. For isolated installations, the design annu¬ 
al load factor is usually 60%. Most of the mo¬ 
dern plant installations are being designed with 
a much lower annual load factor of the order of 


25% or even less to improve utilisation of fuel 
burning plants and thereby the overall economics 
of power generation. This entails an installed 
capacity well in excess of what would be requir¬ 
ed merely for utilising the energy potential of 
the site. . 

2.1 The plant availability and utilisation can 
be considered deficient only to the extent that it 
was not available for power generation when re¬ 
quired for its capacity was short of planned re¬ 
quirements at that time or the total utilisation of 
energy in the period of study fell short of the 
planned utilisation. The plant availability also 
needs to be examined to see if thq>plant was ac¬ 
tually available for generation of high priced en¬ 
ergy at the time of the peak loads. Collection 
and compilation of data for consideration against 
such a framework presents a number of compli¬ 
cations, as a large number of variables includ¬ 
ing the state of and degree of interconnections, 
power interchanges, etc., enter the picture. 

3. In run-of-the-river projects, storage for 
water is usually very small and enables schedul¬ 
ing of the energy generation only over periods of 
a day or a week. The energy potential of the 
site is dependent on the expected flows. The 
energy that cannot be availed of due to lack of 
load or inadequacy of generating plant are lost. 
The run-of-the-river plants form only a small pro¬ 
portion of the hydro-electric installations in the 
country. Canal-drop power stations on irriga¬ 
tion canals would form a bulk of such develop¬ 
ments in future also. Generally, there is little 
difficulty in absorbing the full energy generation 
of these plants in the respective power systems. 
In these cases, the plant availability has to match 
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the energy availability from time to time. With¬ 
in the limit of energy availability, the plant utili¬ 
sation and availability have the same significance 
as that for thermal power plants. 

4. Table 3' r 3 gives data regarding availa¬ 
bility of hydro-electric plants from the view point 
of exploitation of the energy potential. For each 
power station in the country, the design firm en¬ 
ergy potential is given. The actual energy gene¬ 
ration is also then tabulated for the years 1966- 
67, 1967-68 and 1968-69. The first of these years 
was particularly a bad year on account of the 
drought conditions. The energy potential actual¬ 
ly available at each site naturally varied from 
year to year. A review of the table shows that 
the hydro-electric stations have, by and large, 
been quite successful in exploiting practically the 
entire energy potential at each place. In many 
cases, the actual energy generation has exceeded 
the design firm energy potential quite substantially. 
This is understandable on account of the variable 
nature of water availability. Energy generation 
in excess of the design firm potential also indi¬ 
cates that the availability of the plant has been 
well above that required for exploiting the design 
firm potential. This is a satisfactory state of af¬ 
fairs. 

5. The available data, also indicates that 
there have been no significant cases of hydro 
capacity not being available when required for use 
except when there was also a simultaneous shor¬ 
tage of .energy. If a reservoir is overdrawn, shor¬ 
tage of energy as well as reduction in plant capa¬ 
city due to reduced head results. This condition 
has occuved, but only very rarely and was due to 
faulty water management. Generally, even with 
shortage of energy, the kW capacity is available 
so long as the reservoir is not drawn down below 
the planned minimum drawn down level. The 
plant availability therefore remains important. 

6. Provision of reactive power to the system 
is often an important function of hydro-clectric 
generating units in this country, particularly where 
the generating capacity is small compared to the 
transmission system. The Umiam Barapani 
Power Station in Assam is a case in point. The 
four 9 MW sets in this station have to be kept 
running for keeping the transmission system 
charged even when the kW load is too low to 


require their operation. It is interesting that in 
recent instances such as at Gandhi Sagar, even 
when energy availability was reduced to insigni¬ 
ficant values and the plant capacity also drasti¬ 
cally reduced, the hydro generating plant conti¬ 
nued to render valuable service to the system 
by operation as synchronous condensers. In other 
places also, the performance of hydro plants in 
such circumstances has been satisfactory. 

7. Further studies have also been made of 
the plant availability and utilisation for some 
major hydro-electric power stations over a period 
of three years. It is considered that it will meet 
the present purpose if the study extends over a 
select number of power stations depending on 
the availability of data in this regard. 

7.1 The plant utilisation and availability have 
been studied in respect of the generating sets se¬ 
parately in each case, unit by unit. The period 
of study is from 1967-68 to 1969-70. The data 
regarding operation and maintenance of each in¬ 
dividual unit for this period has been studied and 
analysed to bring out the following: 

(1) Service Hours ( SH ).—These are the total 

number of hours that the unit was ac¬ 
tually operated with breakers closed to 
the station busbars. These represent ac¬ 
tual hours of operation of the generating 
units during the year. 

(2) Available Hours {AH). —This is the time 
in hours during which a unit or major 
equipment is available. This is the sum 
of the service hours and the hours dur¬ 
ing which the unit was available for 
service but was not utilised on account 
of load conditions or due to other rea¬ 
sons like water availability etc. 

(3) Plant Maintenance Hours (MOH).r— 
The time in hours for which the unit 
was not available for service due to out¬ 
age for purposes of routine, preventive 
or statutory maintenance and inspection. 

(4) Forced Outage Hours ( FOH ).—The 
hours during which a unit or major 
equipment was not available due to 
forced outage, a generally unforeseeable 
event. 

The sum of the time intervals 2. 3 & 4 above 
is the total number of hours in the year. 
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(5) Availability Factor .—This is the ratio 
of the number of hours (AH) in a year 
to the t®tal number of hours. 

7.2 The results of the above study are tabu¬ 
lated in Tables 3-4 and 3-5. This study covers 
a total of 350 unit-years in 119 units with an ag¬ 
gregate rated capacity of 3928 MW. The turbines 
of all the principal types, viz., impulse, reactive 
and fixed as well as movable blade propeller, have 
been covered. The power stations include both 
storage and run-of-the-river types. It will be seen 
from Table 3-4 that some of the installations 
considered are over 50 years old, while some 
others are very recent ones and include the lar¬ 
gest size of generating sets in the country. 

7.3 As in the case of steam power stations, 
this study has been very seriously handicapped 
for want of accurate and complete data on a uni¬ 
form basis. The data available have been recast 
to bring these on a uniform basis and enable a 
comparative study of the performance of the dif¬ 
ferent installations. The results of the study have 
also been presented graphically in Figure 3.2. 
The different time intervals have been expressed 
as percentage of the total time in a year. These 
percentages have been plotted in the form of bars, 
one for each unit-year. 

7.4 In the bar, the left-hand side depicts the 
service hours (SH) and availability hours (AH). 
In the case of the three power stations of Tata 
Electric Companies, the service hours are not 
known separately. The power stations are, how¬ 
ever. known to have been operating (during the 
years in question) at load factors as low as 20- 
25% in the non-monsoon period and at base load 
when the lakes are spilling. Thus, by and large, 
the actual hours of operation (SH) are much less 
compared to AH. This applies to all storage 
plants. At Mohora (J&K) and in the canal drop 
power stations at Ganguwal and Kotla, SH 
equal AH. This is the correct manner of ope¬ 
ration for run of-the-river working. 

7.5 The right end of each bar depicts the 
MOH i.e. hours taken, for planned maintenance 
outages. It is seen that the MOH has differed 
very widely even for the same set in different 
years. As well as for different sets in a given 
station in the same year. In forty unit-years, zero 
MOH has been reported. Out of these, some per¬ 
tain to the first year of operation of newly in¬ 
stalled units. In six unit-years the MOH ap¬ 


pear to have been masked by FOH. MOH 
as high as 3320 hours for horizontal im¬ 
pulse units and 6,900 hours for Francis 
turbines have also been reported. These 
are clearly abnormal occurrences. The most com¬ 
mon value of MOH appears to lie-under 500 
hours. In fact, in 233 units-years (out of 350), 
MOH has been 5% or less, i.e. under about 18 
days or 440 hours. The MOH for horizontal im¬ 
pulse machines is understandably lower compared 
to that for vertical Francis or propeller machines. 

7.5.1 In a large number of cases, the MOH 
appears to be considerably more than what should 
actually be required for a hydro-electric plant. 
This has perhaps been because there was no par¬ 
ticular reason for hurrying up with the mainte¬ 
nance work. With the increasing inter-connec¬ 
tions of power sources, this position would change. 
It will be in the larger interests to complete the 
maintenance and overhaul work in the shortest 
possible time, so that the generating plant in ques¬ 
tion is available to the system as spare, particu¬ 
larly in the event of forced outage on some other 
generating unit. This will enable reduction of the 
spare capacity required to be installed in the in¬ 
tegrated power system. It is already the experi¬ 
ence on some integrated power systems that it is 
difficult to take out generating units for long main¬ 
tenance outages. This is because of the require¬ 
ment of peak load generation, so that most of 
the hydro units are required to work at least for 
a short time every day. 

7.6 Next to the MOH, is plotted the FOH 
(forced outage hours). It is interesting to note 
that out of 350 unit-years in the study, 92 have 
reported nil FOH and 151 further have reported 
FOH under two days. In other words, in about 
70% of the cases the forced outages have amount¬ 
ed to less than 2 days (J%) in the year. This 
speaks for the high degree of reliability of ope¬ 
ration of hydro-electric power plants. The highest 
FOH reported has been 152 hours for horizontal 
impulse machine and 2567 hours for vertical pro¬ 
peller machine. These are, again, abnormal cases. 
Mostly the FOH have been very small—quite in 
contrast with the experience on steam power sta¬ 
tions. The small FOH experienced are also most¬ 
ly due to causes not pertaining to the power 
plant but mostly arising from mal-tripping of 
electrical protective relays and such like occur¬ 
rences. It is felt that careful attention to the pro¬ 
tective devices as well as instrumentation and 
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alarm systems and proper co-ordination of the 
protective systems could enable almost complete 
elimination of forced outages on hydro power 
stations. It has to be remembered that the pro¬ 
tective systems need to be reviewed and reset 
again and again as a system grows so that these 
can work satisfactorily with changing system 
parameters, including action of similar protective 
systems in other parts of the power system. 

7.7 The above study of actual working of 
a number of generating units, as well as the 


nation-wide review of utilisation of energy 
potential of hydro-electric plants clearly show 
that the performance of hydro-electric installa¬ 
tions in respect of plant availability has general¬ 
ly been satisfactory though there is still some 
scope for further improvement by scientific mana¬ 
gement. With greater attention to design details 
of the individual installations as well as system 
interconnections, the position will be even better 
in the case of both the present as well as future 
installations. 



Power Economy Committee 






3 

u. 







fv| ^ (S 


10 O ON <N £1 ^ CN 

fs rj-o\ o on 


in in h rj- O • 

£ so c\ 03 ; 

rt'T'T 


nji/imONViMro 

vo vo ro a\ oo co cs 


oo oo m oo vo ^ oo ] 

O ^ O fN 

rt^N\0 ,vo 


t~- 

o —< <n r~ o o 

fs *-h ^ *r> rj- 


vo oo C\ tj r- vo 


inMooovHnO 

oooo^mh-mvD 

fN -H fN -H (N 


OOOOO^CNTt 

co ^ *3" rn *o 


rHMW't (OVpP' 


32 














Madhya Pradesh! Rajast I ai : 

Gaadhi Sagar. ... 116 366 98 143 281 26-85 39-2 77 \*Low water availa- 

Raoapratap Sagar ........ 172 500 34 262 6-8 52-4j bility. 

Total . 866 177 543 
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Tilaya ~| 

Maithon )■ . 104 246 120 203 275 114.3 193.3 262 

Panchet Hill J 

All Inmia. 22180 16046 17560 20193 

(55 Power Stations) - 












TABLE 3-4 

Equipment Availablility and Utilisation 

Power Stations taken for Sample Survey 
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SI. Name of Power Station No. of Year of Rated Head Speed Type of Remarks 

No. Units commis- Output (m) (rpm) Turbine 

sioning (MW) 


1 

2 





3 

4 

5 

6 

7 

8 

9 

1 

Bhakra L.B. 





1 

1960 

90 

122 

166-7 

VF 


(Punjab) 





2 

1961 

90 

122 

166-7 

VF 







3 

1961 

90 

122 

166-7 

VF 







4 

1961 

90 

122 

166-7 

VF 







5 

1961 

90 

122 

166-7 

VF 

2 

Bhakra R. B. 





1 

1966 

120 

122 

187-5 

VF 


(Punjab) 





2 

1966 

120 

122 

187-5 

VF 







3 

1967 

120 

122 

187-5 

VF 




* 



4 

1968 

120 

122 

187-5 

VF 







5 

1968 

120 

122 

187-5 

VF 

3 

Ganguwa! 




. 

1 

1961 

29.25 

30 

166-7 

VP 


(Punjab) 





2 

1955 

24 

3o 

166-7 

VK 








1955 

24 

30 

166.7 

VK 

4 

Kotla . 

■ 

• 


• 

1 

1961 

29-25 

30 

166-7 

VP 


(Punjab) 





2 

1956 

24 

30 

166-7 

VK 







3 

1956 

24 

30 

166-7 

VK 

5 

Bhira 

• 

• 

• 


1 

1927 

22 

457 

375 

HI 1 



(Maharashtra) 





2 

1927 

22 

457 

375 

HI 








3 

1927 

22 

457 

375 

HI 








4 

1927 

22 

457 

375 

HI 








5 

1940 

22 

457- 

375 

HI 








6 

1952 

22 

457 

375 

HI 


6 

Bhivpuri 

• 

• 

• 

• 

1 

1920 

12 

463 

300 

HI 

Progres- 


(Maharashtra) 





2 

1920 

12 

463 

300 

HI 

sively 







3 

1920 

12 

463 

300 

HI 

9 under 







4 

1920 

12 

463 

300 

HI 

renova- 







5 

1948 

12 

463 

300 

HI 

tion. 







6 

1948 

12 

463 

300 

III 


7 

Khopol i 

• 


• 

• 

1 

1915 

12 

463 

300 

HI 



(Maharashtra) 





2 

1915 

12 

463 

300 

HI 








3 

1915 

12 

463 

300 

HI 








4 

1915 

12 

463 

300 

HI 








5 

1915 

12 

463 

300 

HI 








6 

1923 

10 

463 

300 

HI 

-> 


8 

Sharavathi 


• 



1 

1964 

891 

465 

300 

VI 


(Mysore) 





2 

1965 

89-1 

465 

300 

' ; I 







3 

1967 

89-1 

465 

300 

VI 







4 

1967 

89-1 

465 

300 

VI 







5 

1969 

89-1 

465 

300 

VI 







6 

1968 

89 1 

465 

300 

VI 







7 

1967 

8*1 

465 

300 

VI 

9 

Bhadra . , 

• 

• 

• 

• 

1 

1963 

12 

43 

250 

VK 


(Mysore) 





2 

1964 

12 

43 

250 

VK 







3 

1962 

2 

35 

500 

VK 







4 

1964 

7-2 

18 

214 

VK 

10 

Munirabad . 





1 

1962 

8-5 

23 

214 ' 

VK 


(Mysore) 





2 

1962 

8-5 

23 

214 

VK 







3 

1964 

10 5 

23 

214 

VK 

11 

Shimsha . 


• 



1 

1940 

8-6 

182 

500 

VF 


(Mysore) 





2 

1940 

8-6 

182 

500 

VF 
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TABLE 3-4~(Contd.) 


SI. 

No. 

Name of Power Station 

No. of 
Units 

Year of 
commis¬ 
sioning 

Rated 

output 

(MW) 

Head 

(m) 

Speed 

(rpm) 

Type of 
Turbine 

Remarks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

12 

Mahatma Gandhi .... 

1 

1948 

12 

365 

428 

HI 



(Mysore) 

2 

1948 

12 

365 

428 

HI 




3 

1950 

12 

365 

428 

HI 




4 

1950 

12 

365 

428 

HI 




5 

1952 

18 

365 

428 

HI 




6 

1952 

18 

365 

428 

HI 




7 

1953 

18 

365 

428 

HI 




8 

1953 

18 

365 

428 

HI 


13 

Sivasumdram ..... 

2 

1904 

3 

121-5 

500 

HF 



(Mysore) 

3 

1924 

6 

121-5 

375 

HF 




4 

1904 

3 

121-5 

500 

HF 




5 

1904 

3 

121-5 

500 

HF 




6 

1907 

3 

121-5 

500 

HF 




7 

1914 

3 

121-5 * 

500 

HF 




8 

1924 

6 

121-5 

375 

HF 




9 

1918 

3 

121-5 

500 

HF 




10 

1928 

6 

121-5 

375 

HF 




11 

1928 

6 

121-5 

375 

HF 


14 

Koyna I & II. 

1 

1962 

63 

475 

300 

VI 



(Maharashtra) 

2 

1962 

63 

475 

300 

VI 




3 

1963 

63 

475 

300 

VI 




4 

1963 

63 

475 

300 

VI 




5 

1966 

75 

475 

375 

VI 




6 

1966 

75 

475 

.375 

VI 




7 

1966 

75 

475 

375 

VI 




8 

1967 

75 

475 

375 

VI 


15 

Pykara . 

1 

1931 

6-25 

857 

600 

HI 



(Tamil Nadu) 

2 

1931 

6-25 

857 

600 

HI 




3 

1931 

6-25 

857 

600 

HI 




4 

1939 

10 

857 

600 

HI 





1939 

10 

857 

600 

HI 




6 

1954 

13 6 

867 

600 

HI 




7 

1954 

13 6 

867 

600 

HI 


16 

Moyar. 

1 

1952 

12 

372 

428 

VI 



(Tamil Nadu) 

2 

1952 

12 

372 

428 

VI 




3 

1953 

12 

372 

428 

VI 


17 

Kundah I . 

1 

1960 

20 

428 

317 

VI 



(Tamil Nadu) 

2 

1960 

20 

428 

317 

VI 




3 

1964 

20 

428 

317 

VI 


18 

Kundah II. 

1 

1960 

35 

428 

714 

VI 



(Tamil Nadu) 

2 

1960 

35 

428 

714 

VI 




3 

1961 

35 

428 

714 

VI 




4 

1961 

35 

- 428 

714 

VI 




5 

1964 

35 

428 

714 

VI 


19 

Kundah III . <* . • . 

1 

1965 

60 

600 

412 

VF 



(Tamil Nadu) 

• 2 

1965 

60 

600 

412 

VF 


20 

Kundah IV .... 

1 

1966 

50 

150 

64 

VF 



(Tamil Nadu) 








21 

Kundah V. 

1 

1964 

20 

268 

428 

VF 



(Tamil Nadu) 








22 

Mettur Dam .... 

1 

1937 

10 

46 

250 

DF 



(Tamil Nadu) 

2 

1937 

10 

46 

250 

DF 




3 

1937 

10 

46 

250 

DF 




4 

1940 

10 

46 

250 

DF 
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TABLE 3 -4—(Contd.) 


SI. 

No. 

Name of Power Station 

No. of 
Units 

Year of 
commis¬ 
sioning 

Rated 

output 

(MW) 

Head 

(m) 

Speed 

(rpm) 

Type of 
turbine 

Remarks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

23 

Mettur Tunnel 

1 

1966 

50 

40 

136 3 

YK 



(Tamil Nadu) 

2 

1966 

50 

40 

136-3 

VK 




3 

1966 

50 

40 

136-3 

VK 




4 

1968 

50 

40 

136-3 

VK 


24 

Periyar ..... 

1 

1958 

35 

386 

750 

VF 



(Tamil Nadu) 

2 

1959 

35 

386 

750 

VF 




3 

1959 

35 

386 

750 

VF 




4 

1965 

35 

386 

750 

VF 


25 

Papasanam .... 

1 

1945 

7 

71 

600 

VF 



(Tamil Nadu) 

2 

1945 

7 

71 

600 

VF 




3 

194' 

7 

71 

600 

VF 




4 

1951 

7 

71 

600 

VF 


26 

Sarkarpathy .... 

1 

1966 

30 

89 

250 

VF 



(Tamil Nadu) 








27 

Aliyar. 

1 

1970 

60 

412 


VF 



(Tamil Nadu) 








28 

Mohora 

1 

1962 

4 56 

120 

600 

HF 



(Jammu & Kashmir) 

2 

1962 

4-56 

120 

600 

HF 



28 Stations 

119 

3928-17 installed 






KEY : 

V—Vertical F—Francis I—Impulse 

H—Horizontal K—Kaplan P—Propeller 

D—Double 

Thus VF—Vertical Shaft Francis Turbine. 
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SECTION 8 


RELIABILITY OF HYDRO-ELECTRIC 
INSTALLATIONS 


1. The primary sources of electric power in 
the country are rapidly getting inter-connected. 
In the coming years, there will be hardly any 
hydro-electric installations which will be operating 
in isolation (except, of course, micro hydel instal¬ 
lations in remote areas, which are not being con¬ 
sidered here). The reliability and availability of 
the hydro-electric installations have, therefore to 
be ensured in the context of their interconnected 
and, progressively, integrated operation with other 
sources of power such as conventional thermal 
as well as nuclear-power plants. Under these con¬ 
ditions, more and more need will be felt for ope¬ 
ration of the hydropower plants in the top por¬ 
tion of the load curve, deriving important 
contribution to the kW-capacity of the system 
while, of course, yielding in full measure the 
energy available in the water resources. The 
hydro-electric plants are usually closely associated 
with long transmission lines on account of com¬ 
pulsions of geography and they have often to be 
utilised for providing reactive capacity to the sys¬ 
tem. Thus, certain hydro-electric generating 
units may have to be kept spinning even when 
the energy potential available at these sites in a 
particular year has already been utilised to the 
full extent. 

2. It is clear that reliability and plant avail¬ 
ability of hydro-power plant is important to the 
system out of all proportion with energy contri¬ 
bution of such pltjnt to the system, and is mainly 
dictated by its capacity contribution. These re¬ 
quirements can be met easily if the preventive 
maintenance can be accommodated in the periods 
of low demand for the plant. It will be seen that 
the daily operating requirements for hydro-electric 
plant will normally provide intermittent short 


spells of low load or even no load when one or 
more units in the installation can be shut down. 
Similarly, periods permitting fairly long shut¬ 
downs extending over weeks may also occur at 
installations at storage dams during conditions of 
high head or where the waters are to be regulated 
to meet fixed irrigation schedules. 

3. Considerable experience in the operation 
and maintenance of hydro-electric installations 
over practically the entire spectrum of ratings, 
heads and operating conditions for the power 
plants of many different designs and makes is al¬ 
ready available in the country. It is recognised 
that the requirements of different installations will 
not be stereotyped. Each installation will have 
its own pecularities and these must be taken into 
consideration very carefully in formulating the 
operation as well as maintenance practices for 
that installation. The main broad features com¬ 
mon to most of the hydro-electric installations are 
discussed here. (The question of water manage¬ 
ment has already been discussed earlier). 

4. Hydro-electric installations commonly in¬ 
volve construction of dams, weirs or other struc¬ 
ture for storage and diversion of water as well 
as tunnels, channels and pressure pipelines for 
conveyance of water. Any failure of these, parti¬ 
cularly that of a water storage structure is fraught 
with serious consequences, involving extensive 
damage to property and even loss of life, over 
and above the loss of power and energy genera¬ 
tion. Repairs and replacements require extensive 
financing and time. Therefore, it is of utmost 
importance that every care must be taken dur¬ 
ing the construction to avoid defects and elimi¬ 
nate the possibility of failure, either partial or 
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complete, of any of the structures. For this 
thorough inspection of the works during the con¬ 
struction stage and systematic observation dur¬ 
ing the maintenance stage are essential. 

4.1 In many of the foreign countries, like 
the U.S.A., U. K„ France, Germany, Italy and 
Switzerland, the safety of dams is ensured through 
special organisations. Similarly, it is felt that as¬ 
sistance by way of expert advice must be given 
at the time of construction of dams in India also. 
This can best be done by having a small compact 
body of experts in specialised subjects like grout¬ 
ing, concrete and masonry control, foundation 


treatments, instrumentation etc. The function of 
this body should be advisory to enable avoidance 
of any defects in construction. The Ministry of 
Irrigation and Power have already proposed to 
organise a “Dams Safety Service”. 

4.2 The functions of the proposed service are 
given in Annexure 3-1. It is strongly recom¬ 
mended that such a service should be set up 
without any further delay and made use of in all 
the Hydro-electric works. Further, scope of such 
service should be extended to cover the works 
such as tunnels, penstocks etc. for conveyance 
of water for hydro-electric projects. 
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SECTION 9 


ADEQUATE AND PROPER DESIGN 


1. This is one of the most important factors 
for safe and reliable working of hydro-clectric 
installations over long years. Very often, these 
installations involve major civil engineering works 
such as dams, tunnels, canals and pressure pipe¬ 
lines. The technology of design and construction 
of these has progressed to great refinements. How¬ 
ever, in the case of hydro-electric installations, 
special attention is required to be given to an 
integrated approach to the design of the entire 
water storage, conveyance and control systems. 
The project areas are often quite spread out over 
considerable distances and are also in isolated 
and remote parts of country. The normal com¬ 
plement of personnel for operation and mainte¬ 
nance of the project may be quite small. At the 
same time, any damage or failure in the hydraulic 
works or power installations in the project can 
do serious damage not only to the supply of power 
from the project, but even by way of flooding of 
downstream areas, discontinuity of water supply 
for irrigation, industries or for cities. Because of 
this, the question of safety under all normal and 
abnormal conditions of operation has to be kept 
in view throughout. 

2. An important factor in ensuring safe and 
efficient operation is the provision of adequate 
and reliable communication facilities. This in¬ 
cludes both telecommunications facilities as well 
as roads, ropeways, trolleys etc. It should be 
conveniently possible to patrol all parts of the 
project areas and also communicate with the 
power station and, through that, with the rest of 
the power system under emergency conditions. 

3. Special mention may be made of measures 
for ensuring safety from rupture of the pressure 
pipelines. This could occur due to variety of 


causes such as falling rocks, earthquakes, pres¬ 
sure surges, etc. These can be disastrous unless 
the designs provide special measures. 

4. Seasonal changes which are a feature of 
many projects must be taken note of and ade¬ 
quately provided for. These may affect the safe¬ 
ty as well as-r>peration of the plant. Examples 
of these are heavy charge of silt and suspended 
matter in the water during monsoon, icing con¬ 
ditions at the intakes of tunnels or pressure 
pipelines in some parts of the country, floating 
of timber down the rivers at certain times of the 
year etc. 

5. The design of the power stations should 
take into account operating conditions likely to 
prevail over a long period, as well as emergency 
conditions. Thus, the system power factor ex¬ 
perienced at the generators may undergo a con¬ 
siderable change over years. In certain power 
stations, limited excitation capacity has imposed 
severe restrictions on the usefulness and even 
the load carrying capacity of the generating units. 
Similarly, the arrangements for emergency opera¬ 
tion of auxiliaries, flexibility in switching facili¬ 
ties, busbar arrangements etc., can be provided 
at a very nominal cost at the time of making the 
original installations. Provision of these arrange¬ 
ments at a later date is a very costly proposition. 
Moreover, this may also involve outages, restric¬ 
tions in operation etc., when the system requires 
these facilities. Planned outages will also be 
necessary for making modifications for providing 
these facilities at a later date. 

6. One peculiarity of the hydro-electric 
plants is that the auxiliary power requirements 
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as well as the number of auxiliaries are very 
small but all of these are absolutely essential for 
the operation of the generating sets.' These au¬ 
xiliaries cannot be taken out of operation even 
for short time for maintenance purposes without 
risking outage of the main generating units. This 
must also be kept in view at the design stage. 

7. Troubles due to cavitation and erosion 
have been found to be a very common feature 
on the hydro-electric stations in India. This re¬ 
quires careful consideration in the design of the 
turbine and the power station as well as in decid¬ 
ing operation criteria for generating units. Da¬ 
mage due to cavitation to a moderate extent is 
usually to be expected on most installations, 
particularly because of the need to optimise the 
capital investment in the power installations in¬ 
stead of incurring heavy capital expenditure for 
making a cavitation-free installation. The con¬ 
ditions of working often demand operation over 
wide range of head variation as well as long 
operation at part loads. It is therefore, highly 
desirable to make it a practice to optimise the 


installation designs by undertaking a thorough 
investigation of cavitation possibilities by means 
of model testing. Fortunately a water tunnel 
capable of taking runner models of even upto 500 
mm diameter has been commissioned recently at 
the CWPRS Poona and some further facilities 
are being planned for BHEL at Hardwar. Some 
technical institutions have also certain facilities. 
It is in the interests of the manufacturers as well 
as the users of hydroelectric equipment to make 
full use of these facilities in evolving the optimum 
designs for determining the most desired instal¬ 
lation parameters. The time and cost involved 
in this would be re-paid several times over by 
the benefits to be gained. 

8. Attention should be given similarly to 
minimising damage due to erosion etc. to the 
optimum extent. The remedies principally lie 
in the field of design of civil works, but consi¬ 
derable improvements can also be made by choice 
of suitable materials for affected components of 
equipment as well as design features of the equip¬ 
ment. 


7-1 I&P/71 
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SECTION 10 

OPERATION AND MAINTENANCE 


1. The hydro-electric equipment is by and 
large very robust and reliable. However it is al¬ 
so important to operate it carefully and within 
its designed range of operation. Confidence in 
the inherent robustness has sometimes led to 
neglect with consequent costly damage and plant 
outages. Careful operation and timely mainte¬ 
nance on hydro-electric equipment yield long 
years of trouble-free and economic operation. In 
keeping with the requirements of the system, 
these units had to be started and stopped and 
operated at variable loads quite often. 

2. It is a characteristic of the reaction type 
of hydraulic turbines that instability and vibra¬ 
tions are experienced under certain load condi¬ 
tions. This may vary widely at different heads and 
will be influenced by venting or introduction of 
compressed air. The region of such operation 
must be carefully noted and avoided in the 
operating schedules. 

3. The bearings and turbine seals have par¬ 
ticularly been the vulnerable spots subject to 
random failure. This is a very complicated 
matter as the design of the seals materials used in 
the construction of the seals, shaft and runners, 
the silt content in the water and other factors, 
all play a part. In some extreme cases, design 
of the sealing arrangements has been found mis¬ 
sing. In most cases, however, safe and reliable 
operation can be ensured by suitably designed in¬ 
strumentation to watch (i) the build up of pressure 
under the turbine covers; and (ii) whether the 
turbine seals are lubricated and cooled adequate¬ 
ly during working of the turbine under the various 
conditions of operation at different loads and 
heads. This is also important if the machine 
works at times as a synchronous condenser, 


4. The importance of clean and ample supply 
of auxiliary water cannot be over-emphasised. 
Sometimes large quantities of cooling and seal¬ 
ing water are required for the turbine seals, shaft 
glands etc. In addition, large quantities of cooling 
water are required for the generator air coolers, 
transformers etc. It is highly important to ensure 
that the water is free from suspended matter to 
the degree specified. In some instances in the 
Himalayan. Region very serious erosion damage 
has been caused even when particle size of sus¬ 
pended material in the water was within the pres¬ 
cribed limits. Petrographic analysis of the sus¬ 
pended matter showed that water carried highly 
abrasive angular particles of silica instead of 
rounded clay particles assumed. This points to 
the importance of a proper understanding of the 
nature of silt load carried by water. 

5. Cavitation phenomena have been much 
discussed in technical literature. The plant sigma 
cannot much be changed economically in 
an existing installation. The important thing there¬ 
fore is to operate the turbines scrupulously with¬ 
in limits prescribed for the range of loads per¬ 
missible under different heads and tail water con¬ 
ditions. Transgression of these limits leads to 
very rapid deterioration and heavy damage. If 
an extension of operating range is absolutely 
necessary, measures such as introduction of com¬ 
pressed air, or even modifications to the turbine 
runner have to be explored. 

6. One important aspect of operation often 
neglected is the continuous monitoring of perfor¬ 
mance. It is highly important that all the indi¬ 
cations, including temperatures, pressures and 
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flows at various points, are correctly read and re¬ 
corded in the prescribed manner. Periodic re¬ 
view of this data is essential for reliable and eco¬ 
nomic operation of the plant. The performance 
of governors should also be checked over as wide 
a range (of the different parameters) as readily 
possible, periodically. 

7. The importance of annual inspection of 
the insides of turbine etc., cannot be over-empha¬ 
sised. It is only under grave national emergency 
that these plants should be worked continuously 
without such a break. These inspections must be 
carried out by persons having enough experience 
and expert knowledge regarding the equipment 
to be inspected. There are serious cases of 
damage to equipment where, due to inexpert in¬ 
spection initial incipient damage on account of 
cavitation or erosion remained unnoticed and 
unattended. These damages grow to serious pro¬ 
portions and then very costly and long outages 
become unavoidable. This is particularly true of 
the damage to turbine, valves, etc., due to cavi¬ 
tation and erosion. Under a system of periodic 
inspection and repairs, the repairs can be kept 
down to very small proportions. Such “cosmetic” 
repairs can be usually done without any major 
dismantling of the turbine equipment as only a 
light degree of grinding, welding or metal depo¬ 
sition by spraying etc., are involved. If however, 
heavy repairs have to be undertaken, then it be¬ 
comes necessary to arrange for heat treatment 
and stress relieving on the runner or other major 
components. This means a long outage of the 
generating set as well as increased spending on 
repairs, spare parts, expert personnel and so on. 

8. It would be worthwhile in this regard to 
build up expert repair crews for attending to a 
number of hydraulic turbine installations in a 
system or region. This is because considerable 
expertise is involved in carrying out these repairs 
particularly welding. Techniques such as metal 
spraying have also to be adopted in some cases. 
Welding repairs to turbines done without proper 
attention to correct hydro dynamic profiles dete¬ 
riorate rapidly and sometimes cause further 
damage. 

9. Erosion damage is also rather common 
in this country. The highly variable flows of our 
rivers due to monsoon conditions yield highly 


variable quality of water and the silt charge. Dur¬ 
ing certain periods, these can be very heavy, 
particularly, in the Himalayan regions. This silt 
is also found to be highly abrasive. Such damage 
has been experienced not only on run-o£-the-river 
plants but also on storage type installations. The 
erosion affects the turbine units, guide vanes, 
nozzles, needles, seals etc. Such damage has been 
noticed on all types of turbines. A careful design 
of the hydraulic works with special features for 
silt elimination can go a long way in reducing the 
damage to a minimum. Complete elimination, 
however, does not appear to be feasible. In fact, 
on certain installations, it has been suggested that 
the power station may be closed down during 
certain short periods, when a high charge of sus¬ 
pended matter is known to occur. 

10. It may be mentioned that one of the 
common failings leading to substantial erosion 
damage has been initial start-up of the power 
plant without proper cleaning up of the water 
conductor system to remove all debris collected 
during construction. 

11. Among the various components of 
water conductor system, the gates have perhaps 
given the greatest amount of trouble at various 
installations. The iccasions for operation of the 
gates are few and far between. This leads to 
disuse of the operating facilities and is the main 
cause of troubles. Accumulation of silt deposits 
or other material have often made opening and 
closing of the gates stop logs etc., very difficult. 
Periodic inspection and maintenance of gate seals, 
hoisting arrangements etc., is very necessary. 

12. Another feature that needs attention is 
that many times under emergency conditions or 
under some interim arrangements such as partly 
constructed operations, certain measure of expe¬ 
diency have to be taken, which can often get 
overlooked later on, leading to difficulties. The 
need for proper logging of these measures can¬ 
not be over-emphasized. Grave situations affect¬ 
ing the reliability of the plant and leading to 
serious accidents can occur when the arrange¬ 
ments made as a matter of expediency in an 
emergency are later forgotten. In one case, some 
steel rods were welded at the gate seats and seals 
for ensuring proper sealing. These were forgotten 
by the time the need to open these gates arose, 
several months later. The efforts to open the 
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gates resulted in an accident due to failure of 
hoisting mechanism. Such like expedient mea¬ 
sures are perhaps unavoidable in case of long 
tunnels, pipe lines, surge tanks etc. Proper log¬ 
ging of these will obviate future complications 
and troubles. ; 

13. Another class of avoidable troubles arises 
due to various automatic control and supervision 
device features falling into disuse. Many of these 
checks are required at long intervals and cannot 
usually be taken care of as a part of the normal 
routine operation and maintenance. Special pro¬ 
grammes, have, therefore, to be drawn up for ef¬ 
fecting these checks etc., as an annual or a bien¬ 
nial programme in a manner similar to that al¬ 
ready recommended in respect of cavitation. Very 
often, a number of devices provided for continu¬ 
ous supervision of certain pressures, tempera¬ 
tures, clearances, etc., fall into disuse. Since the 
plant can be operated quite conveniently under 
these conditions, necessary corrective actions are 
not taken. Certain failures of thrust bearing have 


been traced to failure of the bearing insulation 
leading to corrosive shaft currents. In at least a 
couple of places, it was noticed that the carbon 
dioxide lines for automatic fire protection of gene¬ 
rators or the devices for initiation carbon dioxide 
discharge, had been disconnected at the time of 
some maintenance operation and had remained 
like that for several months thereafter. The da¬ 
mage to the generator in case some fire had oc- 
cured in this period, could have been disastrous. 
Similarly, there have been cases where bypass 
valves draft tube and even intake gates have be¬ 
come inoperable due to silt deposits, or the load 
on the thrust-bearing has progressively increased 
to dangerous proportions due to increasing run¬ 
ner clearances on account of wear. 

14. The behaviour of hydro-electric generat¬ 
ing sets under earthquake conditions is rather 
peculiar. It is, therefore, desirable that the in¬ 
stallation should be studied from this view point 
and a proper guide for emergency measures under 
such abnormal and unusual conditions drawn up 
for the guidance of the operating staff. 
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SECTION 11 

MONITORING OF PERFORMANCE 


1. In the foregoing Sections, the importance 
of reliability and plant availability of water power 
plants for the power system has already been 
discussed. The importance to the system is much 
more than the proportion of energy contribution 
from hydro source would indicate, as the hydro¬ 
electric plants have other functions to perforin 
in the system operation for improving and opti¬ 
mising the working of the system. Moreover, 
the energy contribution of the hydro-electric plants 
is also very substantial. In fact, in the past years, 
power stations like Koyna, Bhakra and Sharava- 
thi have constituted some of the largest single 
sources of electrical energy in the country. For 
example,, the energy generation at Koyna has 
been 2841 and 2990 GWh. in the years 1967-68 
and 1968-69 respectively whereas the largest 
single thermal source of electrical energy has been 
Neyveli Power Station contributing 2071 and 2128 
GWh of energy in these years. In contrast with 
the thermal power stations, however, the hydro¬ 
electric power plants are extremely simple, easy 
to operate and trouble free. This simplicity, 
dependability and robustness of the plant, how¬ 
ever, lead to neglect of such power stations and 
it is, therefore, necessary to create an awareness 
of the need to monitor the performance of hydro¬ 
electric power stations. The effects of forced 
outages or reduced capability or reduced efficien¬ 
cy in the case of the major power stations like 
Sharavathi, Koyna or Bhakra can indeed be very 
costly for the respective regions. 

2. Deterioration of performance of hydro¬ 
electric installations can be due to several causes. 
It can take place in the different elements of an 
installation. In the water conductor system, 
deterioration of the surface conditions in tunnels. 


power channels or penstocks can be quite serious. 
All these reduce the net head available and some¬ 
times also the maximum possible flow. In and 
around a turbine, blockage or breakage of some 
vanes in the guide apparatus, cavitation damages 
in the water passages (particularly the runner), 
formation of large pits in the concrete draft tube 
surfaces, enlargement of the sealing gaps in the 
turbine, deterioration of shaft seals are some of 
the most common forms of deterioration. These 
lead to increased friction ot reduced volumetric 
efficiency and can, therefore, be detected) by 
detecting reduction efficiency. 

2.1 Deterioration of the conditions of seals 
can also be detected by installation of pressure 
gauges on the turbine covers, spiral casings etc. 
It is rather unusual to provide such facilities for 
pressure measurements at the turbine covers etc. 
but the information obtained from these is so 
valuable that it is recommended that strategically 
located pressure gauges may be provided in all 
reaction turbine installations for monitoring the 
turbine seals. 

3. Broadly speaking, the efficiency of the 
plant can serve as a good overall indicator for 
the purpose. There are, of course, other methods 
of detecting deterioration in the power stations; 
however, efficiency remains the best indicator for 
watching the performance without stoppage. Some 
further indications can also be provided by instal¬ 
lation of appropriate instruments in various places. 
Measurement of turbine efficiency, particularly 
the measurement of water flow through the tur¬ 
bine, have always presented some very difficult 
problems. Precise field measurements of the tur¬ 
bine efficiency can be very costly in the case of 
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certain installations, depending on the length of 
penstocks, layout of the installation, head, out¬ 
put etc. Because of this, there is a tendency of 
waiving such tests for acceptance purposes even 
when these are prescribed in the contract for 
the plant. One reason for this is also the urgency 
of commissioning the plant. It is not realised that 
forgoing of these tests is a loss to the project 
as this makes subsequent monitoring of its per¬ 
formance very difficult. It is, therefore recom¬ 
mended that as extensive a programme of testing 
as possible should be carried out on every new 
generating unit so as to get as much scientific 
information about its performance as possible. 

4. One of the commonest methods of moni¬ 
toring performance during operation is the use 
of Index methods. Piezometer taps are pro¬ 
vided at appropriate places on the spiral casing, 
speed ring etc. and the pressure differentials 
between these various points are calibrated 
against the water flows through the turbine at 
the time of the field acceptance test. Once this 
calibration is done, it is very simple to assess 
the efficiency of the generating unit in opera¬ 
tion quickly and fairly accurately. A compre¬ 
hensive Test Code for Index Testing of 
Hydraulic Turbines is being brought out by the 
International Electro-technical Commission 
(IEC). A Test Code prepared by the American 
Society of Mechanical Engineers (ASME) has 
already been adopted in U.S.A. 


5. Recently, other methods have also come 
to the fare. These include the thermo-dynamic 
method of efficiency measurement and ultrasonic 
method of flow measurement. Ultrasonic 
method involves installation of appropriate pro¬ 
bes and sources of ultrasonic signals in appro¬ 
priate places such as penstock, draft tube etc. 
With the help of these, the flow of water can 
be measured at any time. 

5.1 The thermo-dynamic method elimina¬ 
tes the need for flow measurements altogether. 
In this method, a water sample from the pen¬ 
stock is expanded adiabatically till its tempera¬ 
ture is exactly equal to that of the water in the 
tailrace. This enables a direct measurement of 
the losses in the turbine and hence of efficiency. 
This method is applicable only at heads higher 
than 100 or 150 metres. However, where it is 
applicable, it provides a very simple and econo¬ 
mical method for monitoring of the turbine 
efficiency. 

6. It is strongjly recommended that each 
new generating unit to be installed in the country 
should be provided with adequate means for 
continuous monitoring of its performance. 
Measures should also be introduced in existing 
power stations to ensure monitoring of the per¬ 
formance continuously or at least at short in¬ 
tervals. 



Report of Study Group 


CHAPTER 4 

STEAM POWER STATIONS 

Section Page 

1. Brief History of Development. 49 

2. Present Installations. 50 

3. Major Groups of Power Plants . 51 

4. Elements of Cost of Energy Generation. 53 

5. Factors Affecting Cost of Energy .. 60 

6. Efficiency of Energy Generation. . 62 

7. Power Plant Availability and Utilisation in Steam Power Stations. 65 

8. Case Study of Plant Availability and Utilisation. 66 

Problems of Fuels 

9. Pricing of Coal and Washery By-Products. 80 

10. Quality of Coal ^. 82 

11., Utilisation of By-Products from Coal Washeries in Thermal Power Stations .... 87 

12. Transport of Coal to Thermal Power Stations—Unit Trains. 93 

13. Rationalisation of Freight Structure for Transport of Coal over Short Distances 104 

Petroleum Fuels 

14. Policy of Pricing. 105 

15. Availability. 107 

Problems of Operation and Maintenance 

16. Problems of Operation of Steam Power Stations. 109 

17. Maintenance and Repair Facilities. 116 

18. Instrumentation for Power Plants. 119 

19. Relaxation of Boiler Act Provision. 121 

20. Ash Disposal. 124 

21. Staffing for Steam Power Plants. 134 

22. Training of Personnel for Operation and Maintenance. 142 


47 





















Report of Study Group 


SECTION 1 

BRIEF HISTORY OF DEVELOPMENT 


1. Initially, coal based steam power stations 
comprised small load centre installations sup¬ 
plying urban requirements of power at Calcutta, 
Bombay, Madras, Kanpur and other cities and 
towns. The first station was commissioned at 
Calcutta in 1899 followed by Madras and Kan¬ 
pur (1906) and Delhi (1908). Development up 
to World War I was, however, extremely slow, 
the pace increasing somewhat there after. The 
installed thermal capacity prior to World War 
II was 540 MW, all of which was established 
and operated by private licensees. 

2. The first major step in development of 
economic thermal power through advantageous¬ 
ly located large mine-mouth installations was 
taken when the Damodar Valley Corporation 
inaugurated the work on the installation of the 
Bokaro Thermal Station with 3 generating units 
of 57 5 MW each in 1948-49. The total instal¬ 
led capacity of thermal plant in the country was 
increased from 1.004 GW in 1951 to 1.547 GW 
in 1956 and 2.436 GW at the end of 2nd Plan 
(GW=Gigawatt=million kW.). 

3. There have been some important major 
changes in thermal power development in recent 
years. Firstly, although the larger urban cen¬ 
tres of power generation have continued to 


grow, there has been a decided trend of setting 
up large thermal power stations at pit heads 
utilising directly the output of the collieries or 
of the coal washeries. The latter had been set 
up for supplying coking coal to the large steel 
plants and the large quantities of washery by 
products are being utilised as fuel in the thermal 
power plants. Notable examples of such instal¬ 
lations have been Patratu, Chandrapura, Durga- 
pur. Satpura and Kothagudam. Unlike their 
predecessors, these large mine-mouth power 
stations also involve development of large inter¬ 
connected transmission systems. 

4. While the older developments were al¬ 
most entirely in the private sector, these recent 
developments which require very sizable invest¬ 
ments in developing the sites, arranging for 
necessary water supply and other facilities etc. 
are being carried out in the public sector either 
by the State Electricity Boards or by organisa¬ 
tions like D.V.C., Neyveli Lignite Corporation 
etc. The question of construction of some of 
the large power stations directly by the Central 
Governuient is under consideration in view of 
the huge outlays required and the benefits ex¬ 
tending beyond the boundaries of individual 
States. 


49 

Is' 


8-11&P/7J 



Power Economy Committee 


SECTION 2 

PRESENT INSTALLATIONS 


1. The Thermal Power plants are playing 
an increasingly important role in the electric 
power generation in the country. By 1969-70. 
the installed plant capacity in steam power sta¬ 
tions account for 8‘5 Gigawatts out of 15 5 
GW total installed capacity in the country. In 
1969-70, the energy generated by the Steam 


Power Stations amounted to 31535 million 
kW hours out of the national total of 56190 mil¬ 
lion kW hours of electrical energy from all sour¬ 
ces. In other words, the Steam Power Stations ac¬ 
counted for about 55% of the total installed 
capacity and contributed about 56.1% of the 
total energy. 
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SECTION 3 

MAJOR GROUPS OF POWER PLANTS 


1. In any analysis of the performance of 
Thermal Power Stations in the country, the 
progressive changes in the type of power plants 
used must be taken into account appropriately. 
Figures 4-1-1, 4-1-2, 4-1-3 & 4-1-4 give an 
analysis of the make-up of the thermal installa¬ 
tions. The analysis has been given for the 
period from 1956 onwards as the development 
prior to that is not of great significance for the 
present purposes. The year by year installation 
of all the generating units rated at 15 MW and 
above each, have been analysed in accordance 
with the date of installation and principal para¬ 
meters. In 1955, there were only 19 generating 
sets of ratings of 15 MW and above in the 
country (500 MW total). This number has now 
(early 1970) grown to 122 sets accounting for 
6050 MW of installed capacity. These have 
been classified into three groups for purposes of 
analysis of their performance and suggesting 
ways and means for improvement. The princi¬ 
pal parameters of the generating sets in these 
groups are given in Table 4-1. 

2. The first group is composed of generat¬ 
ing units in the range of 15 to 36 MW. These 
operate under the steam conditions of 55 to 61 
atmosphere pressure and about 485°C tempera¬ 
ture. The boilers of these units are equipped 
with stoker firing. There are 22 such units in 
operation in the country presently and these ac¬ 
count for about 0.55 GW installed capacity. It 
will be seen from the Figures 4-11, 4-1-2, 
4-1-3 & 4-1-4 that this group was important in 
the earlier years and that further additions in 
this group have practically come to a stop. 

3. The second group is composed of gene¬ 
rating units with ratings of 15 to 100 MW of 


nofi-reheat type. These have the steam para¬ 
meters of 85 to 103 atmospheres pressures and 
510 to 538°C temperature. The boilers of all 
these units are fired with pulverised fuel and 
in some cases, also by oil or gas. There are 80 
such sets in operation in the country presently 
accounting for about 3 • 83 GW. This is the 
most predominant group in the present opera¬ 
tion of thermal generation in terms of both the 
MW capacity as well as the number of units. 
Installation of these units has dominated the 
scene in the ‘60s’. It is expected that more 
generating sets in this group will also be added 
in the 70s although this group may lose its pre¬ 
dominating position in the coming years. 

4. The third group is comprised of generat¬ 
ing units of ratings ranging from 82 5 MW to 
150 MW. These operate with steam parameter 
of 103 to 170 atmosphere pressures and 538 to 
565°C temperature. These are all reheat units. 
The boilers of all these units are fired with pul¬ 
verised fuel and in some cases also by oil or 
gas. The first such unit was installed in 1964 
and by now there are 9 units in operation. They 
account for about 1 • 04 GW installed capacity. 
The indigenous manufacture (both HEL and 
BHEL) are equipped to manufacture these 
units. With expansion of the transmission net¬ 
works and system inter-connection, there will 
be no difficulty in absorbing future additions of 
capacity in units of this size or even bigger on 
most of the systems. This, coupled with the 
better efficiency and economies of scale, make 
it obvious that it is the units of this group that 
will predominate the future installation. 

5. In the course of the current Five-Year 
Plan, installation of 45 generating sets is already 
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in hand and these are expected to be commis¬ 
sioned by 1973-74. This will increase the in¬ 
stalled capacity (in units of 15 MW and above) 
from 5 • 4 GW to 9 ■ 8 GW. It is interesting to 
note that no generating unit in Group I above 
is under installation presently. In Group II, 20 
generating units aggregating 1 • 5 GW will be 
added and in Group III 24 generating units 
aggregating 2 • 96 GW will be added. Thus 
the total installed capacity in Group II will be¬ 
come 5-3 GW by 1973-74 and that in Group 
III will become 4 GW. 


TABLE 4—1 

Parameters of Steam-Electric Generating 
Units in Operation in India 


Unit 
Capacity 
Group in MW 

Steam conditions at stop 
valve 

Pressure in 
Kg/Cm* 

Temperature 

in°C 

1 2 

3 

4 

I . . 15 

55 

485 

15 

57 

482 

30 

59-7 

482 

30 

61 

482 


corttd. 



1 2 

3 

4 

II 

. 15 

55 

485 


15 

41 • 8 

450 


30 

60'8 

482 


36.6 

60-8 

482 


50 

60-8 

482 


50 

90 

535 


60 

( 89 

510 


60 

90 

525 


62-5 

89 

510 


62.5 

89 

510 


63-5 

89 

510 


75 

71 

496 


75 

103 

538 


100 

90 

535 

III 

. 87-5 

103 

538/538 


no 

130 

565/535* 


no 

130 

535/535* 


120 

127-6 

538/538* 


140 

127-6 

538/538 


140 

141-7 

538/538* 


150 

169-8 

565/538 


*Not yet commissioned. 
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SECTION 4 


ELEMENTS OF GOST OF ENERGY 
GENERATION 


1. The cost of energy generation from the 
steam power stations is dependent on a large 
number of factors. These need to be analysed 
with a view to identifying the areas in which 
substantial economies and improvements can be 
achieved. 

2. The main factors making up the total 
cost of generation in a steam power station can 
be broadly classified as fuel cost, fixed cost and 
operation and maintenance cost. The overall 
costs of energy per kWh at bus-bar together 
with the constituents, viz. fuel cost, fixed cost, 
operation and maintenance cost have been work- ' 
ed out for some representative steam power 
stations under the three different groups. Tables 
4-2 • 1 to 4-2 • 4 show the overall costs, 
fuel costs, fixed costs, operation and mainten¬ 
ance costs in paise per kWh of energy sent out 
for some of the years from 1955 to 1969 for 
the three groups of steam power stations. Table 
4-2 - 5 shows the percentage ratio of cost of 
fuel per kWh. to overall cost per kWh. of ener¬ 
gy sent out. 

3. The overall costs at the Table 4-21 in¬ 
clude (a) cost of fuel (b) fixed costs (c) opera¬ 
tion and maintenance costs and (d) other minor 
costs. The fuel cost covers the costs of trans¬ 
portation of fuel, supporting fuel oil and coal 
handling cost. The fixed charges include (a) 
interest (b) depreciation (c) proportionate share 
of general overheads, direction, other offices etc. 
The operation charges include tja) salaries, wages 
and 1 allowances (b) lubricants and consumable 
stores (c) cooling water (d) loose tools and (e) 
other chargeable expenses. The maintenance 
charges include the repairs and maintenance for 


(a) boiler plant and equipment (b) turbine and 
generator (c) switchgear and switchboard (d) 
water cooling system (e) miscellaneous power 
plant and (f) power house building and civil 
works. 

4. It would be seen from Table 4-2 • 1 that 
the total cost of energy per kWh is much less 
for the power stations having large unit sizes 
near the coal mines than for those which are 
located at distant places and having smaller size 
units. Bokaro Thermal Power Station under 
Group-2 for which the data are available for 
all the years upto 1969 shows that the cost of 
generation has gradually risen from 3 • 34 paise 
per kWh to 5-64 paise per kWh during the 
period from 1955 to 1969. Similarly,, for Ah- 
medabad Thermal Power Station under Group 
I, the cost has gradually risen from 7 "08 paise 
in 1966 to 7’81 paise in 1968. This is true even 
for the power stations where there has not been 
any increase in the installed capacity on account 
of the new larger unit sizes. The overall cost 
of generation for other power stations does not 
show this trend mainly because there have been 
additions in between of larger units which have 
caused a reduction in the cost of generation. 

5. It would be seen from Table 4-2-5 that 
the fuel cost generally constitutes from 35% to 
65% of the total cost of energy. The wide 
range is partly attributable to the different an¬ 
nual load factors experienced. The percentage 
of fuel cost is higher for steam power stations 
under Group 1 as compared to the steam power 
stations under Groups 2 and 3. This is because 
the thermal overall efficiency of the power 
stations under Groups 2 & 3 is much higher than 
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that of power stations under Group 1. It would of installed plant so that the high fixed charges 

therefore be desirable that, in future, the power get distributed over a large number of units 

stations should, as far as possible, be of higher generated. Higher plant utilisation is therefore 

capacity so that the cost of fuel per kWh gene- very important. 

rated is minimised. Table 5 also indicates the 
extent to which the power houses nearer to the 

coal mines have less fuel cost than those located 7- Table 4-2'4 indicates that the cost of 

at distant places. The cost of transportation of operation and maintenance is showing a gradu- 

coal from coal mines to the power stations is al increase over years generally for almost all 

thus a major element of cost. the power stations under the 3 groups. But the 

overall effect of this increase on the total cost of 
6. Table 4-2 • 3 shows that the fixed charges the energy sent out is not appreciable as these con- 

constitute about 20 to 40% of the total cost stitute about 5 to 10 per cent of the total cost of 

of energy generated. As this constitutes a large energy sent out. Nevertheless, the importance of 

part of the total cost, it will be more profitable proper operation and maintenance in running the 

to reduce the fixed charges as much as possible. power station cannot be over-emphasized. The 

These can be reduced by (a) minimising the in- operation and utilisation of available plant capa- 

vestment in the capital cost and <b) utilising to city in the most "economical manner technology 

the maximum extent possible the rated capacity cally depends entirely on competent O. & M. 

TABLE 4-2. R 

Analysis of Cost of Energy Generation at Certain Steam Power Stations 
4-2 • 1 Cost of Energy per KWh at Bus Bar 

(Figures inPaise) 


SI. 



YEA 

R S 







1955-56 1962-63 1954-65 

1965-66 

1966-67 

1967-68 

1968-69 









1 

GROUP—I 
Nellore . 


. . . . . . . 

. . 

7-97 

11-82 

8-46 

2 

Khaparkheda • 


. 

4-96 

5-30 

5-66 

6-73 

3 

Ahmedabad 


. 

•• 

7-08 

7-13 

7-81 

1 

GROUP—II 
Kothagudem . 


. 

. . 

7-43 

8-03 

7-74 

2 

Bokaro* 

. 

3-34 2-67 2-98 

368 

3-79 

501 

5-64 

3 

Patratu . 


. • . 

• « 

7-78 

7-73 

11-55 

4 

Neyveli . 


513 


607 

5-69 

5-26 

5 

I. P. Station . 


. 


8-83 

•• 

11-02 

6 

I. P. Stn. Extn. 


. 

•• 

•• 

•• 

10-2 

1 

GROUP—III 
Chandrapura* ‘ 


• 

2-91 

(3-20) 

2-77 

(3-04) 

3-32 

(3-65) 

•• 

2 

Bandel . 


. 


5-76 

6-14 

6-03 

3 

Durgapur* 

♦ 

* • • • • » * 

5'45 

3-769 

4-54 

4-76 

4 

Trombay 


5-98 

6-51 

7-41 

7-50 

6-89 


*Represents cost per kWh generated. 

Figures in bracket represent the cost per kWh sent out taking into consideration losses and consumption by 
auxiliaries etc. @10%. 
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TABLE 4-2-2 

Analysis of Cost of Energy Generation at Certain Steam Power Stations 
4-2-2 Cost of fuel per KWH of Energy Sent out 


(Figures in Paise) 


SI. 

No. 

Name of Power 
Station 


Y E 

A R S 




1955-56 1951-62 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 


GROUP—I 







1 

Nellore .... 
(1x30 MW) 

• 

•• 

3-73 

4-36 

6-05 

4-64 

2 

Khaperkheda . 

(3x30) 

• 

•• 

3-59 

3-72 

3-88 

3-95 

3 

Ahmedabad 

(8x15+2x30) 

. 

•• 


4-36 

4-81 

5-02 


GROUP—II 





- 


1 

Kothagundem . 

(4x60) 


•• 

•• 

3-73 

3-82 

3-62 

2 

Bokaro .... 
(3x50+1x75) 

0-88 1-18 

1 37 

1-67 

1 -72 

2-13 

2-45 

3 

Patratu .... 
(4x50) 

• 

•• 

•• 

3-22 

2-97 

3-55 

4 

Neyveli .... 
(6x50+1x100) 

fM; • • 

3-37 

2-93 

3-61 

3-09 

2-89 

5 

Paras .... 
(1x30+1x62-5) 

• • ♦ • JrpTtj3* 5T 


3-85 

4-41 

4-02 

4-30 

6 

I. P. Station . 

(1x36) 

. 

3-18 

3-65 

3-98 

4-55 

5-20 

7 

I. P. Stn. Extn. 

(2x62-5) 


•• 

•• 

•• 

5-26 

5-08 


GROUP—III 







1 

Chandrapura • 

(3x140) 

. 

•• 

1-47 

1-53 

1-81 

1-83 

2 

Bandel .... 
(4x87-5) 

. 

•• 

•• 

2-17 

2-23 

2-31 

3 

Durgapur 

(2x75/82-5+1x140) 

. 

•• 

2-28 

1-81 

2-00 

2-42 

4 

Trombay.... 
(3x62-5+1x150) 

. 

2-92 

3-45 

3-77 

3-93 

3-90 
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TABLE 4—2-3 

Analysis of Cost of Energy Generation at Certain Power Stations 
4-2-3 Fixed Charges Per KWH of Energy Sent o-ut 


(Figures in Paise) 


SI. 

No. 

Name of Power 
Station 



Y 

EAR 

S 




1955-56 1962-63 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 

1 

GROUP—I 

Nellore .... 




1-88 

2-57 

3-81 

2-53 

2 

Khaparkheda • 


• . . , . 

. , 

0-61 

0-77 

0'78 

1-45 

3 

Ahmedabad 


• 


. . 

1 -63 

1-40 

1-69 

1 

GROUP—II 

Kothagudem . 





3-47 

3-63 

3-46 

2 

Bokaro .... 


1-38 0-91 

101 

1-40 

1-40 

1-97 

2-21 

3 

Patratu .... 


• 



3-84 

4-13 

6-44 

4 

Neyveli .... 



1-20 


1-50 

1 - 88 

1-50 

5 

Paras .... 


• . . 

, , 

t 




6 

I. P. Station . 


• , . , , 

. , 


3-99 


5-07 

7 

I. P. Stn. Exten. 



. . 

. . 

. . 

. , 

4-58 

1 

GROUP—III 

Chandrapura . 




1-27 

1-20 

1-40 


2 

Bandel .... 



. , 

, , 

319 

3-36 

3-19 

3 

Durgapur 




1 85 

119 

1 -79 

1-77 

4 

Trombay 



2-50 

2-41 

2-79 

2-56 

212 


TABLE 4-2 4 

Analysis of Cost of Energy Generation at certain steam Power Stations 

4-2-4 Operation and Maintenance Charges per KWH of Energy sent out 

(Figures in Paise) 

SI. Name of Power 


Y E 

A R 

S 



No. Station 








1955-56 1962-63 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 

GROUP—I 







1 Nellore .... 

• 


0-74 

10 

1-95 

1-29 

2 Khaparkheda • 

• . . 

. . 

0-75 

0-81 

1-00 

1-20 

3 Ahmedabad . 

• 

. . 

. . 

109 

0-93 

109 

GROUP—II 







1 Kothagundem ■ 

• • • . . . 

. . 

, , 

0-23 

0-58 

0-65 

2 Bokaro .... 

0-85 041 

0-41 

0-59 

0-49 

0-61 

0-61 

3 Patratu .... 

* 

, . 

, , 

0-72 

0-62 

1-56 

4 Neyveli .... 

* • . . . . 

0-77 

, , 

, , 

0-67 

0-60 

5 Paras .... 

• • 

, . 

110 

1-30 

2-80 

110 

6 I. P. Station • 

• • . . . , 

. . 

, . 

0-86 


0-75 

7 I. P. Stn. Extn. 

• 

. . 

. . 

. . 

. , 

0-53 

GROUP—III 







1 Chandrapura . 

• 

. , 

0-31 

018 

0-28 

0-24 

2 Bandel .... 

• 

. . 

, , 

0-40 

0-55 

0-53 

3 Durgapur 

• 

. , 

1-04 

0-56 

0-53 

0-34 

4 Trombay 

• 

056 

0-65 

0-85 

101 

0-87 
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TABLE 4-2 5 

Analysis of Cost of Energy Generation at certain Steam Power Stations 
4-2 - 5 Percentage Ratio of Cost of Fuel to Overall Cost of Energy sent out 


SI. 

No. 

Name of 
Station 

Power 





Y E 

A R 

S 





1953-56 

1962-63 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 

1 

GROUP—I 

Nell ore . 




- 



58-5 

54-8 

51-1 

55-0 

2 

Khaperkheda . 




•• 

•• 


72-38 

70-19 

52-57 

58-69 

3 

Ahmedabad 




-• 

•• 

•• 

•• 

61-56 

67-40 

64-24 

1 

GROUP—II 

Kothagudem . 

• 





' * 


50-20 

47-57 

46-77 

2 

Bokaro - 




25-66 

43-07 

44-63 

45-4 

45-4 

42-5 

43-4 

3 

Patratu 




•• 

• • 

• • 

• • 

41-39 

38-43 

30-72 

4 

Neyveli . 





• • 

65-69 

• • 

59-47 

52-20 

54-94 

5 

Paras 




• • 

• ■ 



.. 

• • 

• • 

6 

I. P. Station . 




• • 

• • 


•• 

45-07 

« • 

47-18 

7 

I. P. Station Extn. 




•• 

•• 

•• 

•• 

•• 

• • 

49-80 

1 

GROUP—III 

Chandrapura . 







45-9 

50-0 

49-5 

43-9 

2 

Bandel . 




•• 

•• 

• • 

• • 

37-70 

36-32 

38-32 

3 

Durgapur 




•• 

•• 


37-48 

43-24 

39-30 

50-85 

4 

Trombay 




•• 

•• 

48-83 

52-99 

50-88 

52-40 

57-1 


9-I1.&P./71 
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TABLE 4-2-6 

Analysis of Cost of Energy Generation at certain Power Stations 
4-2-6 Fixed Charges per KWH Installed 


(Figures in rupees) 








YEARS 




SI. 

No. 

Name of Power Station 


1955-56 

1962-63 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 


GROUP—I 









1 

Nellore . 

• 

•• 

•• 

•• 

115-70 

(30) 

134-50 

(30) 

124.70 

(30) 

138.50 

(30) 

2 

Khaparkheda 

• 

•• 

*• 

* “ 

31-50 

(90) 

44-40 

(90) 

45-30 

(90) 

75-60 

(90) 

3 

Ahmedabad . . 

• 

•• 

•• 

*• 

• • 

84-20 

(180) 

88-45 

(180) 

98-25 

(180) 


GROUP—II 









1 

ICothagudem 


•• 

•• 

•• 

• * 

163-31 

(120) 

126-00 

(240; 

132-05 

(240) 

2 

Hokaro .... 

• 

29-80 

(150) 

59-54 

(225) 

69-72 

(225) 

78-12 

(225) 

79.10 

(225) 

97 02 
(225) 

79-52 

(225) 

3 

Patratu .... 

• 

• • 

• • 

•• 

•• 

129-09 

(50) 

105-59 

(200) 

114-53 

(200) 

4 

Neyveli .... 

• 

• • 


55.60 

(250) 

•• 

77-30 

(300) 

87-28 

(400) 

96-70 

(400) 

5 

I. P. Station . . 

• 

•’Vl 


•• 

• • 

254-70 

(36) 

321-60 

(36) 

225-50 

(36) 

6 

I. P. Stn. Extn. 


• • 

•• 

•• 

• • 

•• 

• • 

•• 


GROUP—III 









1 

Chandrapura . . 

• 

• • 

•• 

•• 

69-35 

(280) 

78 10 
(280) 

76-84 

(280) 

64-82 

(280) 

2 

Bandel .... 

• 

• • 

*• 

• • 

• 4 

76-32 

(350) 

80-47 

(350) 

88-00 

(350) 

3 

Durgapur . . ... 

• 

• • 

•- 

A 

70-19 

(150) 

73-31 

(150) 

82-48 

(290) 

77-59 

(290) 

4 

Trombay .... 

• 

• • 

•* 

131.00 

(187.5) 

81.50 

(337.5) 

96.90 

(337.5) 

121.00 

(337.5) 

111.00 

(337-5) 


Mote .—Figures in brackets indicate installed capacity in MW. 
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TABLE 4-2-7 

Analysis of Cost of Energy Generation at certain Steam Power Stations 


4—2.7 Operation and Maintenance charges Per KW Installed. 


(Figures in rupees) 


SI. 

No. 





YEARS 




Name of Power Station 

1955-S6 

1962-63 

1964-65 

1965-66 

1966-67 

1967-68 

1968-69 


GROUP—I 









1 

Nellore 

• 

. 

•> 

* V 

44-4 

(30MW) 

52-70 

(30MW) 

63.80 

(30MW) 

70-70 

(30MW) 

2 

Khaparkheda 

• 

• • » 

*• 

• ♦ 

38-70 

(90) 

46-90 

(90) 

58-80 

(90) 

57.90 

(90) 

3 

Ahmedabad 

GROUP—II 

• * 

• * • 

*• 

• • 

• • 

56.21 

(180) 

58.50 

(180) 

63.83 

(180) 

1 

Kothagudecn 

• 

* • • 

* • 

« • 

• • 

10-73 

(120) 

19-26 

(240) 

24-90 

(240) 

2 

Bokaro • • 

• 

. 18-44 

(ISO) 

27-00 

(225) 

28-64 

(225) 

32-60 

(225) 

27-55 

(225) 

30-18 

(225) 

21-37 

(225) 

3 

Patratu . 

• • 

• • • 

• • 

• • 

•• 

24-20 

(50) 

15-90 

(200) 

27-78 

(200) 

4 

Neyveli . 




35-60 


35-40 

(300) 

31-76 

(400) 

37-10 

(400) 





(250) 


5 

Paras . . 

• • 

• • • 

• • 

• « 

56-10 

60-60 

34-60 

44-90 







(30) 

(30) 

(92- 5) 

(92.5) 

6 

1, P. Sin. Extn. . 

• • 

« * • 

•• 

•• 

•• 

54-31 

(36) 

•• 

33-48 

(36) 


GROUP—III 









1 

Chandrapura 

• • 

• • • 

•• 

•• 

16-07 

(280) 

11.95 

(2.80) 

15.48 

(280) 

•• 

2 

Bandel 

• • 

• • • 

•• 

•• 

•• 

9.63 

(350) 

13.13 

(350) 

14-79 

(350) 

3 

Durgapur . 

• 

• • • 

«• 


39-45 

(1.05) 

34-70 

(10.5) 

24-50 

(290) 

15-33 

(290; 

4 

Trombay 

• 

• 

* * 

29-30 

(187-5) 

21-90 

(337-5) 

29-50 

(337-5) 

43-60 

(337-5) 

45-80 

(337-5) 


Note .—Figures in brackets indicate installed capacity in MW. 
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SECTION 5 

FACTORS AFFECTING COST OF ENERGY 
AND POWER 

C 


1. As is seen from the foregoing when view¬ 
ed on the long-term basis, economy in power- 
generation in steam power plants is a complex 
matter, dependent on a large number of fac¬ 
tors. 

2. As already pointed out, the cost and 
availability of fuel is one of the most important 
factors. This is naturally so, as the fuel may 
be considered as the raw material which the 
power plant processes to yield electrical energy. 
The cost of the product naturally depends on 
the raw-material. The nature of the fuel has 
also a great influence on the cost of operation 
and maintenance of the power plant. In fact, 
the fuel influences the fixed cost also. The 
capital outlay required is influenced by the fuel 
for which the power plant is to be designed and 
the transportation, storage and handling facili¬ 
ties as well as any problems of by-products pos¬ 
ed by the types of fuels used. The power plants 
utilising coal have costlier installations and they 
have more problems in the operation and main¬ 
tenance than power plants using petroleum fuels, 
as in the latter case, problems of ash disposal, 
railway yard, storage, fuel pulverisation etc. get 
eliminated. 

3. Once the planning and construction of 
the power plant is over, the main problems are 
really those of operation and maintenance. Good 
performance of power plants may be consider¬ 
ed to have three main facets, viz., efficiency, 
availability and economy. These are obviously 
inter-related. Efficiency of the power plant 
depends, first and foremost, on the parameters 
chosen for the power plant and equipment, the 
rating of the plant, type of fuel etc. The effect 
of increasingly large power plant sizes on im¬ 


provement in efficiency has been brought out in 
Table 4-3 given. The efficiency also depends 
on the power consumption of auxiliaries and 
competence of operation and maintenance. In 
a large measure, efficiency and economy also 
depend on the manner in which a power plant 
is operated. A large steam power plant can 
give its optimum efficiency when operated con¬ 
tinuously under optimum' conditions. If the 
level of power output fluctuates, the efficiency 
is brought down.. Moreover, at lower levels of 
power output, costly oil support is required to 
maintain stability of combustion in the boiler 
furnace and this pushes up the fuel costs. Tak¬ 
ing the system as a whole, use of large high 
efficiency units to the maximum extent for gene¬ 
rating the energy requirements of the system 
leads to a maximum degree of efficiency and 
economy. 

4. Tables 4-2‘6 & 4-2:7 show the fixed 
charges and operation and maintenance charges 
in rupees per kW installed for some representa¬ 
tive power stations for some of the years from 
1955 to 1969 under three different groups. While 
these charges do not give any idea of the plant 
utilisation etc., they give valuable information 
about the fixed charges. It would be seen from 
these tables that there is a gradual increase in 
these charges over the past years. The capital 
investment per kW of the installed capacity ap¬ 
pears to be steadily rising since 1955. This has 
to be watched carefully in view of increasing 
costs of raising capital. The rising O. & M. 
charges in spite of large (and fewer) generat¬ 
ing units show the effect of rising wage bills 
and higher costs of spares. These can be com¬ 
pensated only by better plant utilisation. 
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5. The above tables have been worked out 
on the basis of the data supplied by the concern¬ 
ed authorities in reply to the questionnaire cir¬ 
culated by the Power Economy Committee. It 
has been very difficult to calculate the exact cost 
of fuel, O & M charges, fixed charges etc. be¬ 
cause the data supplied by them was not on a 
uniform basis. Some of the data looked very 
abnormal and could not be utilised. It has been 
experienced that some of the costs calculated on 
the basis of the data received are often inexpli¬ 
cably inconsistent. Similar difficulties have been 
experienced while working on other analysis. 
This clearly demonstrates the urgent need to in¬ 
troduce a uniform system of accounting on a 
rational basis. This will prove very useful in 
from the different power stations. 


6. For identical reasons several years back, 
the Federal Power Commission in the U.S.A. has 
made it obligatory for every American utility to 
present its accounts in a standardised way known 
as the Uniform System of Accounting. This 
enables studies and cost comparisons in a pre¬ 
cise manner. The relative importance of the 
various components of the total cost of energy 
generated and transmitted can be judged accurate¬ 
ly by analysing the costs on a rational basis. 

7. The above tables have been worked out 
only for those steam power stations for which 
the data supplied by the authorities were nearly 
complete. Although a few figures may appear to 
be inconsistent, they amply define the trends ob¬ 
taining at present in the country. 
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SECTION 6 


EFFICIENCY OF ENERGY GENERATION 


1. Table 4-3 gives the distribution of the 
steam power stations in the country in terms of 
their overall thermal efficiency for the years 1962- 
63 and 1967-68. Complete data for more recent 
periods are not yet available. The thermal effi¬ 
ciencies shown here are the actual overall effi¬ 
ciencies achieved in the power station operations. 
These are based on the actual consumption* of 
coal of different grades, fuel oil etc., the respec¬ 
tive calorific values of the fuels and the gross 
electrical energy generated. It may be noted that 
the number of generating stations in the lower 
efficiency brackets has progressively reduced while 
that in the higher efficiency brackets has increas¬ 
ed. In many cases, this is due to addition of 
larger high efficiency generating units in exist¬ 
ing power stations resulting in the higher overall 
efficiency in the operation of the power station 
and its consequent migration to a higher effici¬ 
ency bracket. It will be seen that there were 
only 11 power stations in the country, operating 
at efficiencies better than 20% in the year 1962- 
63. This number has gone up to 32 in 1967-68. 
About 65% of the electrical energy generation 
from steam power stations during 1967-68 has 
been at an efficiency of 25% or better. The 
national overall efficiency works out to 23-13% 
for 1967-68 against 27.99% in U.K. (CEGB). It 
is noteworthy that the highest efficiency achiev¬ 
ed in any one station during 1967-68 was at 
Chandrapura (DVC) 34.2% as against the highest 
of 34.6% reported in U.K. at Ferrybridge ‘C 
Station. 


2. With the steam power stations contri¬ 
buting nearly 60% of the total production of 

♦Note : This is the total coal intake 0 f the power station 
coal fired in the boiler plus the coalmiil rejects. 


electrical energy in the country, it is obvious that 
improvement of the overall efficiency of these 
power stations is of vital importance in reducing 
the cost of electrical energy. With an estimated 
coal consumption of nearly 22 million tonnes, 
improvement in power station efficiency has ob¬ 
viously an important role in conservation of the 
natural resources of primary energy of the coun¬ 
try. Figures 4-2 and 4-3 give an analysis of 91 
power stations (out of 94) in operation during 
1967-68. 

3. Figure 4-2 shows the installed capacity 
operating at an overall efficiency of at least the 
given efficiency at any point. This shows that 
the median point (3,000 MW capacity) efficiency 
is about 28%. In other words, an installed capa¬ 
city of 3000 MW operated at an efficiency of 28% 
or better while an equal installed capacity operat¬ 
ed at efficiencies lower than 28%. The curve is 
practically flat up about 12% efficiency showing 
that the installed capacity involved in efficiencies 
under 12% is very small—of the order of 200 MW. 
The operation and maintenance costs on a num¬ 
ber of power stations is bound to be relatively 
very large, compared to the larger high efficiency 
stations. Shutting down these plants and giving 
power supply at those points from the grid fed 
from high efficiency power stations would ob¬ 
viously yield very considerable savings. Even 
after allowing for transmission losses, such a step 
would give worthwhile savings in fuel as well as 
energy costs. The question of taking similar 
action for power stations operating at efficiencies 
below 20% which cover less than 1 /4th of the 
present installed capacity can be considered later 

In case 0 f pulverised fuel fired boilers this equals the 
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4. Figure 4-3 shows the energy generation of 
each of the 91 plants in 1967-68 against the effi¬ 
ciency at which the energy was generated. 

4.1 The distribution of the points is gene¬ 
rally what would be expected from theoretical 
considerations. For improvement in the overall 
efficiency of energy production, the peak of the 
curve has to be shifted to the right, towards the 
high efficiency region and the envelope of the 
curve on the left side should descend to the level 
of abscissa as steeply as possible. This criterion 
gives a clear indication of the stations where im¬ 
provements would be most rewarding. The in¬ 
creased steepness of the envelope can be achieved 
in two distinct ways. Firstly, the efficiency of 
operation of the power stations lying on the en¬ 
velope could be improved by close control of 
the power station operation and providing ade¬ 
quate maintenance or improvements on auxiliary 
apparatus, leakages, heat losses etc. This will 
move these points to the right—to the higher effi¬ 
ciency region. Secondly, the energy generation at 
these stations could be reduced (in favour of 
that from more efficient stations in the same grid) 
thus lowering these points. Similar data in re¬ 
gard to the year 1968-69 and 1969-70, has also 
been plotted to observe the trend of some major 
power stations. These are also marked. 

4.2 It will be seen that the Bokaro Power 
Station has been brought more inside the enve¬ 
lope by reducing the energy generation at that 
station. This reduction is compensated by higher 
energy generation on the more efficient stations 
of the DVC system at Chandrapura and Durga- 
pur. 

The energy generation at Ahmedabad and 
New Cossipore has been reduced but this does 
not improve the matter as the efficiency has al¬ 
so been correspondingly reduced and these points 
stay on the envelope. 

Energy generation from the older 100 MW 
installation at Korba has been reduced and that 
at the higher efficiency 4 x 50 MW units has been 
raised. This has improved the overall efficiency 
substantially. 

4.3 It is seen that the energy generation at 
practically all the large high efficiency stations, 
viz., Trombay, Neyveli, Chandrapura, Durgapur 
and Bandel has increased substantially in the 


year 1968-69. In this process, however, the effi¬ 
ciency of some of these power stations has been 
reduced. Such reduction in efficiency with in¬ 
creased energy production is not what would 
normally be expected and it would be worth¬ 
while to investigate these happenings. In the 
case of Chandrapura, it is understood that 
the coal mill rejects had increased in 1968-69 
owing to poorer quality of washeiy by-products 
being supplied. 

4.4 As already pointed out, it appears worth¬ 
while to examine the working of the following 
powei stations on the envelope in the first ins¬ 
tance (with a view to improving their efficiency 
or reducing the energy production) for yielding 
substantial benefits:— 

(1) Ahmedabad. 

(2) Panki (Kanpur). 

(3) Chola (Maharashtra). 


(5) C.E.S.C. Southern. 

(6; C.E.S.C. Mulajore. 

(7) Khaperkheda. 

(8) Korba. 

4.5 In the following power stations which 
are relatively small and also rather old, scope for 
improvement in working may be limited but the 
gam by eliminating these in due course may be 
worthwhile from the viewpoint of economy and 
resources conservation: — 

(1) DESU, Rajghat. 

(2) Kandla. 

(3; Porbandar. 

(4) Nepa Nagar. 

(5) Gouripur. 

(6) Ramagundam (Old plant). 

(7) Sijua-Jherriah. 

(8) Benares. 

(9) Gorakhpur. 

(10) Dishergarh. 


(4) C.E.S.C. (New Cossipore). 
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(11) Old Cossipore. 

(12) Mau. 

(13) Mainpuri. 

(14) Indore. 

(15) Sikka. 

5. It is interesting to note that in 1967-68 
and 1968-69, the largest single sources of elec¬ 
trical energy in the country were: — 


(Thermal only. Some hydro sources, exceeded thesej 



1967-68 

1968-69 

Neyveli . 

. 2071 GWh. 

2319 GWh. 

Trombay . 

.1572 „ 

1900 „ 

Chandrapura . 

. 1539 „ 

1913 „ 


Even these stations could not be utilised to the 
full energy potential which is taken as 6,000 kWh. 
per installed kW. in the Annual Power Surveys. 


TABLE 4-3 

Distribution of Steam Power Stations in 

TERMS OF OVERALL THERMAL EFFICIENCY 


OverallThermalEfficiency Num¬ 
ber 
of 

gene¬ 

rating 

Sta¬ 

tions 

Aggrega¬ 
te in¬ 
stalled 
capacity 
(MW) 

Engery 
generated 
by the 
group 
(GWh) 

1 

2 

3 

4 

Year 1962-63 : 

Under 10% . 

24 

115.51 

172.00 

Above 10% but below 15 % 
Above 15 % but below 20 % 

34 

719.29 

2076-71 

14 

533.95 

1726.65 

Above 20% 

11 

1167.50 

6201-50 

Grand Total 

83 

2536-35 

10176-86 


Year 1967-68 : 


Under 10% . 

18 

114-29 

205.23 

Above 10% but below 15% 

31 

640-06 

1765-48 

Above 15 % but below 20% 

10 

547-71 

2205-63 

Above 20 % but below 25 % 
Above 25 % but below 30 % 

7 

767-50 

3394-60 

17 

1989.60 

6877-93 

Above 30% . 

7 

1901.50 

7783.88 

Grand Total 

91 

596. 

22232-75 


Note : 3 Power Stations with aggregate capacity of 14-75 
MW nottaken in the analysis for 1967-68 due to 
no generation or want of data. 
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The power plant availability is another as¬ 
pect $f efficient and economic operation. The 
factors that affect outages and availability are: — 

(a) Mode of Operation. 

(b) Quality and Reliability of Maintenance. 

(c) Efficiency of Maintenance. 

(d) Causes external to Plant. 

(e) System Requirements. 

(a) Mode of Operation. —Mode of operation 
nas a considerable effect on the availability and 
outage of a unit. Correct operation includes 
correct lubrication and cleanliness in addition to 
proper handling of the plant, loading and unload¬ 
ing at specified rates, control of rate of change 
of temperature etc. These factors have a mark¬ 
ed effect on the operating life of the plant and 
duration of outage for repair. Often a damage 
caused by negligence in operation may not be¬ 
come apparent immediately, but serious damage 
may result from faulty operation necessitating 
prolonged outage for repairs. 

(b) Quality and Reliability of Maintenance .— 
In order to keep the plant fit for service, the qua¬ 
lity of maintenance must be the highest possible 
order. Thus the use of correct materials and 
spare parts, proper tools and tackles, and train¬ 
ed and conscientious personnel to carry out the 
work accurately and properly can never be over¬ 
emphasized. A well maintained plant can be 
depended upon to give trouble-free service when 
in operation and thereby help to reduce outages 
and the requirement of standby plant. 

(c) Efficiency of Maintenance .—Time spent 
on maintenance may be a good investment to 


SECTION 7 


PLANT AVAILABILITY AND UTILISATION 
IN STEAM POWER STATIONS 


prevent further breakdowns. However,, maxi¬ 
mum economy of time is necessary. This can 
be achieved through adequate supply of spares, 
tools and tackles and number of trained person¬ 
nel and proper scheduling of maintenance work. 
Three shift working and other techniques may 
also be introduced during the shut-down to re¬ 
duce the period of outage. 

(d) Causes external to Plant— External 
causes often affect the availability of the plant 
and there are instances where a failure of the 
system has resulted in major break-down of the 
plant due to failure of the auxiliary power caus¬ 
ing loss of oil pumps, feed water, etc. Proper 
understanding of the problem and establishment 
of an operating drill together with preventive 
measures may reduce the ill effect of external 
causes and reduce outage due to this cause. 

(e) System requirements .—It has to be re¬ 
membered that in spite of all efforts, the output 
from the unit may be reduced because of insu¬ 
fficient demand. Some variation of the output 
of the unit also takes place with system frequency 
etc., and thus, there is an inevitable shortfall in 
the output even when the plant is available and 
in spite of the operating staff keeping a close 
watch. 

Shortfall may also occur due to temporary 
reduction in the plant capacity mainly on account 
of temporary fault in the auxiliaries although the 
unit as a whole is available and is operating on 
load. This can be minimised by efficient main¬ 
tenance and proper operation. 

An analysis of the availability of some major 
Indian power plants in recent years follows; — 


10-11. &P./71 
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SECTION 8 


CASE STUDY OF PLANT AVAILABILITY 
AND UTILISATION 


1. A study has been made of the plant avail¬ 
ability and utilisation for different steam power 
stations over a period of five years. It is con¬ 
sidered that it will meet the present purpose if 
the study extends over a select number of power 
stations in each of the three groups. The principal 
details of the equipment studied are given in 
Table 4-4. 

2. The plant utilisation and availability have 
been studied in respect of the boiler plant and 
turbo-generator sets separately in each case, unit 
by unit. The period of study is from 1964-65 
to 1968-69. The data regarding operation and 
maintenance of each individual unit for this pe¬ 
riod has been studied and analysed to bring out 
the following:— 

(1) Service Hours ( SH ).—These are the total 

number of hour that the unit was actual¬ 
ly operated with breakers closed to the 
station busbars. These represent the 
utilisation of the units during the year. 

(2) Plant Maintenance Hours (MOH ).—The 
time in hours for which the unit was 
not available for service due to outage 
for purposes of routine, preventive or 
statutory maintenance and inspection. 

(3> The Forced ' Outage Hours (FOH). —The 
hours during which a unit or major 
equipment was not available due to 
forced outage, a generally unforceable 
event. 

(4) Available Hours (AH). —This is the time 
in hours during which a unit or major 
equipment is available. This is sum 
of the service hours and the hours dur¬ 
ing which the unit was available for 


service but was not utilised on account 
of load conditions or due to other com¬ 
plementary equipment being under re¬ 
pair or maintenance (e.g. T.G. set not 
being utilised due to boiler outage). 

The sum of the time intervals 2, 
3 & 4 above is the total number of hours 
in the year. 

(5) Capacity Factor.— This is the ratio of 
the number of units actually generated 
in a year to the number of units that 
would have been generated if the plant 
were to work at rated capacity through¬ 
out. 

3. The results of the above study are given 
group-wise in Tables 4-5, 4-6 and 4-7. This covers 
a total of 161 unit years in 38 units and 47 
boilers with an aggregate rated capacity of 2389 
MW. 

4. The study has been seriously handicapp¬ 
ed for want of accurate data on uniform bases. 
It is found that there is growing awareness among 
the power station authorities of the need to 
maintain proper records and to analyse these re¬ 
cords from time to time to assess the performance 
in respect of plant utilisation and availability. 
There is, however, considerable confusion about 
the precise definitions of the various terms. The 
data collected and compiled at different power 
stations are also not on a uniform basis. This 
makes it difficult to compare the performance 
of different power stations accurately. However, 
it is felt that the data collected and presented 
here are representative and enable a fairly correct 
appreciation of the performance. 

5. The records show that the performance 
of different generating units varies widely from 
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year to year, often even in the same power 
station. This makes it difficult to identify the 
trends of the different factors over the years. The 
data has, therefore, been processed further graphi¬ 
cally. The different time intervals have been ex¬ 
pressed as percentages of the total time in a year 
and have been plotted in the form of histograms 
for different generating units, separately for the 
boiler and the turbo-generator sets figures 4-4.1. 
4-4.2 & 4-4.3. These graphs show the relative 
variation of thest factors from year to year. 

6. The following general observations are 
made: — 

6.1 Every year, there has been some outage 
for maintenance etc. In some years, no MOH 
(plant maintenance hours) are shown and only 
FOH (forced outages) are shown. This is be¬ 
cause when the forced outage is long enough, 
it has been possible to carry out the normal 
maintenance also during that period. In other 
words, the FOH includes the MOH in these 
years. 

6.2 The data and information available are 
not detailed enough to bring out the extent of 
wailing hours for want of spares or special equip¬ 
ment etc., in the period of forced outage for 
maintenance. 

6.3 The data often shows the SH (Service 
Hours) for boiler to be higher than that for the 
T.G. set. In such cases, the definition of S1I 
has not been strictly followed and the starting 
up time of the boiler is included in SH. This 
does not, however, detract much from the studies. 

6.4 The service hours (SH) show the time for 
which the unit has been run. This does not in¬ 
dicate whether the unit ran at the full load or 
only at partial load. In many cases, while SH 
may be high, the capability of the unit has been 
severely restricted, due to outage of some vital 
components like one of the I.D. fans or pulveri¬ 
sing mill units or plugged condenser tubes, etc. 
This can, however, be estimated from the value 
of the output factor, i.e., capacity factor divided 
by SH in percentage. 

7. Group 1 

These are stocker fired non-reheat units. Rat¬ 
ings of only 15 MW and above are considered. 


The data has been studied for 3 power stations 
covering 7 units, 11 boilers and 145 MW of instal¬ 
led capacity. 34 unit-years are covered. 

7.1 MOH (Maintenance Hours) for boilers 
at Khaparkheda have been of the order of 10-15% 
for units 1 and 2 but have extended upto 50% 
in unit 3. In the case of Paras, the MOH has 
extended upto 25% on one boiler only while 
very little MOH has been reported on the other 
boiler. The long forced outage in one year is the 
prominent feature at Paras. The boiler main¬ 
tenance time at Barauni, which burns petroleum 
fuels, is understandably short. Here also, the 
forced outages are a prominent feature. 

7.2 At Khaparkheda and Paras, the units 
have been run during most of the availability 
period (SH=AH). The capacity factors are, 
however, of the order of 60% only. In the case 
of Barauni, the forced outages are a prominent 
feature on all the three units and there are sub¬ 
stantial gaps between AH and SH, indicating 
that the units have not been run for a substan¬ 
tial portion of the available period. The capa¬ 
city factors are even lower; of the order of. about 
35% for all the 3 units. It is, therefore, clear 
that, for all the units studied particularly for 
Barauni, there is considerable, scope for obtaining 
substantially larger energy production. Presumably 
this has not been possible because of the peculia¬ 
rities of the loads in the respective power systems 
and the limitations of inter-connections etc. With 
integrated operation of power stations, this posi¬ 
tion would be considerably improved. 

8. Group 2 

This is the largest group, covering 23. gene¬ 
rating units and 28 boilers, aggregating to 1324.1 
MW of installed capacity. 95 unit-years have 
been covered. As already shown elsewhere, this 
is the most prominent group in the installations 
made in the Sixties. These are all non-reheat 
units with pulverised fuel fired boilers. 

8.1 The experience of the DVC power 
stations as well as Trombay and Indraprastha 
have shown quite a high proportion of SH (service 
hours). These particular power stations are work¬ 
ing in large integrated systems, and this has no 
doubt helped in permitting the units to be run 
over practically the entire period of availability 
(AH). 
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8.2 The performance record of the DVC 
Power Stations indicates that while SH is quite 
high the capacity factor is low in case of some 
units. In the case of one unit at Bokaro it was 
as low as 11% in 1968-69. This has been due to 
bending of the turbine shaft caused by failure 
of the auxiliary oil pump to develop sufficient 
oil discharge pressure even though started imme¬ 
diately on total power failure of the power station. 
There has also been drop in output factor, i.e., 
the ratio of the units actually generated to the 
units that could have been generated during the 
service hours if operating at full capacity, parti¬ 
cularly at Bokaro (in case of one unit it was as 
low as 27 per cent.) The reasons are twofold- 
one as explained earlier, is that in DVC the ash 
content, of fuels, which are mainly or totally 
washery bye products, fed to the power stations 
has progressively deteriorated with commission¬ 
ing of Kargali 2nd stage, Dugda 2nd Stage and 
Patherdih. Earlier with Kargali and Dugda 1st 
stages (Patherdih washery not being there) fresh 
raw coal was used to tamper the bad effects of the 
relatively better quality middlings. With new wa- 
sheries, the quality of washery by-products is worse 
and, moreover, no fresh coal is required to sup¬ 
plement the requirements of fuel any more. The 
second reason for drop of the output factor in 
Bokaro is commissioning of more efficient 140 
MW reheat units, changing the pattern of energy 
production in the DVC system. While the latter 
reason is a corailary of an expanding system and 
not an undesirable thing, the former clearly indi¬ 
cates a colossal loss. 

8.3 At Nevyeli, there have been special pro¬ 
blems due to lignite fuel. It is understood that 
special efforts have been made to reduce the 
maintenance outage hours systematically by in¬ 
troduction of operation Research methods. The 
capacity factor has varied from year to year but 
the output factor is uniformally high. 

8.4 In the case of Patratu, the availability 
has been rather poor on Unit 2, due to various 
difficulties. The utilisation and output factor of 
the units are, however, good. 

9. Group 3 

These are the largest generating units in the 
country and the study covers 8 generating units 
and 8 boilers total 920 MW of installed capacity. 


32 unit-years have been covered. These are Re¬ 
heat type units with pulverised fuel boilers. 

9.1 It is seen from the records that SH has 
been quite high compared to other groups. This 
is important for economy, especially in view of 
the large unit size and large investments. 

9.2 The plants in the Eastern Region have, 
however, shown a preponderance of forced out¬ 
ages over the normal maintenance outages and 
the capacity factors as well as output factors have 
been rather low. Both these features are unde¬ 
sirable from the view-point of economic power 
generation. Those are, however, mainly due to 
the troubles already mentioned regarding the 
power stations in this region. 

9.3 In Trombay the output factor has pro¬ 
gressively increased from 75% to 90%. 

10. From the data supplied by some of the 
older power stations it is seen that the availability 
in the Indian power stations is very much below 
the U.S. standards. It is true that in USA, fuel 
used is either oil, gas or coal of very much lower 
ash content, but even taking these advantages 
in the US power stations into account, it is clear 
that there is much scope for improvement in 
availability of our stations. 

‘ iv c_" • • J 

11. Boilers 

111 Boiler outages have varied widely. Much 
of the loss of availability may be accounted for 
by unusually long time taken for boiler statutory 
overhauls which have varied from 716 hours to 
as many as 5492 hours. It is observed from the 
figures available that some of the systems have 
taken 1700 hours on an average for overhaul of 
the boilers. This by itself accounts for 19.5% 
loss of availability. It is, therefore, obvious that 
there is a great scope of reduction in outage 
while doing statutory boiler overhaul work. It is 
felt that the overhaul should be done within 
weeks from the day the boiler is taken off to 
the time it steams to run a turbo-generalor— in 
other words 4 weeks inclusive of inspection of the 
Boiler Inspector. If this can be done, then the 
outage due to overhauls would come down to 
7.6% even if the same is carried out every year 
regularly and by doing so, it would be possible 
to reduce other forced outages. The gain in 
availability would be 11.9%. 

11.2 It is not essential technically that the 
boiler overhaul should necessarily be done every 
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year. It should be left to each system to decide 
the interval it wants to put between the conse¬ 
cutive overhauls. The deciding factor should be 
that the total outage due to overhauls and other 
causes should be minimum. The total outage 
can then be kept as low as 12% or even lower, 
despite use of inferior fuels. 

11.3 It is felt that constant monitoring of 
the working of the boiler equipment to ensure 
that that the plant operates within the recom¬ 
mended range of levels, temperatures, pressures 
etc., at the different points in the system would 
help considerably in improving the plant avail¬ 
ability and reducing the forced outages and main¬ 
tenance. 

11.4 Whenever abnormal conditions are 
noticed, a rectification of these should be fitted 
into the preventive maintenance schedule. A 
build-up of abnormal conditions becomes conso¬ 
lidated and difficult to rectify if the requisite 
maintenance is postponed. A short shut down 
of a week or so at intervals of, say six months, 
enables timely preventive maintenance and inspec¬ 
tion and reduces possibilities of long forced out¬ 
ages or difficulties in annual maintenance. 

/ 

11.5 It is necessary to equip the plant with 
all the requisite scaffolding and special tools and 


tackls etc., so that the inspection and mainten¬ 
ance can be carried out very quickly. Metal 
scaffolding that can be quickly erected is advan¬ 
tageous. The maintenance, tools and equipment 
should also be kept in good repair. 

12. A survey of the boiler forced outage re¬ 
cords of the above power plants shows that the 
following have been the principal causes account¬ 
ing for most of the forced outage hours (FOH) 
roughly in their order of importance : — 

1. Boiler Tubes Leakages (Water Wall 
tubes) 

2. Super heater and economiser tubes lea¬ 
kages (due to erosion). 

3. I. D. Fan Erosion. 

4. Clinker formation (especially in stoker 
fired boilers) 

5. Mill troubles (wearing of parts, fouling 
of lubrication system) 

6. Raw coal feeder jamming. 

7. Flame failure. 

8. Leakages in valves. 

9. Bearing troubles in I.D. & F. D. Fans. 
These are discussed further under “Problems of 
Operation of Steam Power Station”. 


TABLE 4-4 


Sample Survey of Equipment Availability and Utilisation Details of Power Stations 







Steam condi¬ 
tions at stop 
valve 




SI. 

No. 

Name of Power Station 

No. of 
Units 

Year of Rated 
comi- output 
mis- (MW) 

sioning 

Pres¬ 

sure 

ata 

Temp 

o.c. 

No. of 
Boilers 
per- 
unit 

Fuel used 
(Ash and 
Moisture %) 

Remarks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Group I : Stoker-fired Boilers, Non-Reheat Units (7 Units, 11 Boilers, 145 MW, 34 Unit Years) 


I 

Khaparkheda (Maharashtra) 

1 

1960 

30 

59-7 

482 

2 

Grade III 
(32-5%) 




2 

1964 

30 

59-7 

482 

2 

Do. 




3 

1964 

30 

59-7 

482 

2 

Do. 


2 

Paras (Maharashtra) 

1 

1960 

30 

■ 

• 

2 

Grade II 
(32-5%) 


3 

Barauni (Bihar) 

1 

1963 

15 

55 

485 

1 

Oil 




2 

1963 

15 

55 

485 

1 

• » 




3 

1966 

15 

55 

485 

1 

> t 
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TABLE 4-4— (Contd.) 


1 2 

3 

4 

5 

6 

7 


8 9 10 

Group 2 : Pulverised Fuel Boiler, Non-reheat Units (23 Units, 28 Boilers, 

1324 Mw, 95 Units Years) 

1 Indraprastha (Delhi) 

1 

1963 

36-6 

61 

482 

2 

Grade III 


2 

1967 

62-5 

89 

510 

1 

Do. 


3 

1967 

62-5 

89 

510 

1 

Do. 

2 Neyveli (Tamil Nadu) 

1 

1962 

50 

90 

535 

1 

Lignite 

(54.60%) 


2 

1963 

50 

90 

535 

1 

Do. 


3 

1963 

50 

90 

535 

1 

Do. 


4 

1963 

50 

90 

535 

1 

Do. 


5 

1964 

50 

90 

535 

1 

Do. 


6 

1965 

50 

90 

535 

1 

Do. 


7 

1967 

100 

90 

535 

2 

Do. 


1 1967 50 90 535 1 (45-31) 

2 1968 50 90 535 1 (45-31) 

1 1956 62-5 85 510 1 Grade I slack 

(21-5%) 

2 1957 62-5 85 510 1 Do. 

3 1968 62-5 85 510 1 Do. 

1 1963 57-5 61 482 2 Middlings 

(31-5-35%) 

2 1953 57-5 61 482 2 Do. 

3 1953 57-5 61 482 2 Do. 

4 1960 75 103 538 1 Do. 

1 1961 75 103 538 1 Middlings 

(38%) 

2 1962 75 103 538 1 Do. 

1 1966 50 90 535 1 Non-grade 

(32%) 

2 1967 50 90 535 1 Do. 


Group 3 \ Pulverised fuel, reheat units (8 units, 8 Boilers, 920 Mw, 32 unit years) 


1 Trombay (Maharashtra) 

1 

1965 

150 

170 

565 

1 Grade II slack 
(27%) 

2 Chandrapura (D. V. C.) 

1 

1964 

140 

127-6 

538 

1 Washery By¬ 
products 
(41-44%) 


2 

1965 

140 

127-6 

538 

1 Do. 

3 Durgapur (D. V. C.) 

1 

1967 

140 

127-6 

538 

1 Middlings 
(38%) 

4 Bandel (W. Bengal) 

1 

1966 

87-5 

103 

538 

1 Grade 11 
(22-38%) 


2 

1966 

87-5 

103 

538 

1 Grade III B 
(29-36%) 


3 

1966 

87-5 

103 

538 

1 Middlings 
(34%) 


4 

1966 

87-5 

103 

538 

1 


3 Korba (M.P.) . 

4 Trombay (Maharashtra) 

5 Bokaro (D. V. C.) 

6 Durgapur (D. V. C.) 

7 Patratu (Bihar) . 
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TABLE 4-5 

Equipment Availability and Utilisation Group 1 
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TABLE 4-6— (Contd.) 

1967-68 SH 7337 7337 6783 6783 6388 6388 5042 5042 5148 5148 5540 5539 3665 3353 5200 

MOH 1200 1200 .. .. 1042 1042 2366 2366 3276 3276 2514 2514 1990 1990 1990 

FOH 221 .. 1374 601 933 395 711 639 48 286 453 252 1468 1468 101 

AH 7363 7584 7410 8183 6809 7347 5707 5079 5460 5222 5817 6018 5326 5326 6693 
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Power Economy Committee 


SECTION 9 

PRICING OF COAL AND WASHERY 
BY-FRODUCT FUELS 


1. The cost of fuel constitutes 30 to 65% 
of the cost of each kilo-watt-hour generated and 
is, therefore, by far the most important element 
of energy cost. 

2. The cost of the fuel for a power station 
is composed of the cost of coal or washery by¬ 
products at the source and the cost of transporta¬ 
tion and handling. The latter are discussed 
separately in this Report. In considering the 
pricing policy, it must be borne in mind that the 
power supply industry is given very little freedom 
in choosing the fuels for the different power 
stations. In the colliery areas, the large power 
stations are mostly linked to specific collieries or 
washeries and even the power stations situated 
far away from the collieries are usually tied to 
certain sources of coal, the choice in this being 
further narrowed down by the transport policy 
in regard to routing of coal traffic decided by the 
Railways from time to time. In consonance 
with the national policy of conserving better coal 
for metallurgical and other purposes, the power 
supply industry is obliged to use the inferior coals 
and the washery by-products. The low calorific 
value of these as well as the highly abrasive ash- 
content necessitates costlier installations of boiler 
plant and auxiliary equipment as well as very 
heavy charges of operation and maintenance and 
replacement of parts. These factors have to be 
kept in view in formulations for coal prices. 

3. It is of interest in this connection to take 
note of the fuel policy formulated in the United 
Kingdom (UK) where the fossil fuels are now 
inadequate. In the Fuel Policy—White Paper 
(November, 1967), Her Majesty’s Government has 
accepted the Power Industry’s argument that the 
cost of special measures to support the use of 


uneconomic fuels in power stations should be 
borne by the Exchequer and not by the Electri¬ 
city Consumers. In terms of the coal industry 
Act, 1967, the cost reimbursible to the CEGB to¬ 
wards supporting the protection of Coal Industry 
amounted to £3.4 million for the period 1-8-67 
to 31-3-68. 

4. In the past, when the coal prices were 
controlled, the price of different grades of coal 
was not related directly to its heat-content (k Cal/ 
kg.) Thus the cost of the low grade fuels (in 
terms of their heat content) worked out higher 
than that of high grade coals which were not 
permitted for burning in power stations. The 
lower calorific value also meant more cost on 
transportation due to the higher tonnage for the 
same heat value. The pricing was based on the 
argument, by the mining organisations that the 
cost of mining for both the inferior as 
well as the superior coals was about the same 
and that, therefore, the prices could not be fixed 
proportionate to the heat content. Such system 
of pricing amounts to a hidden levy on the power 
supply industry, subsidising other uses of coal.- 
Thrs will have to be borne in mind if coal prices 
were to be controlled once more. Presently, the 
basic price levels for fuels for each power station 
are supposed to be fixed by free inter-play of 
supply and demand. 

5. In our present conditions, the power sup¬ 
ply industry, which is the largest consumer of 
coal and also practically the only consumer for 
inferior coals and washery by-products, should 
be entitled to get these fuels at an attractive 
price. The trade is still following the old grada¬ 
tion of coal which are not based on the heat 
value. The coal trade is not used to selling coal 
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on the basis of heat value and, therefore, some 
indirect formula has to be negotiated for achiev¬ 
ing this objective. The following suggestions are 
based on recent experience in this regard: — 

5.1 Firstly, the maximum permissible ash 
content should be specified (say 30%) so that in¬ 
ferior coals are eliminated. Then the price to 
be paid for this coal can be fixed on the basis 
of the tendered rates with a price adjustment 
clause for a short-fall in heat value. Thus, if the 
basic (tendered) rate is Rs. 28 per metric tonne 
and the calorific value is 6,000 kCal/kg, then a 
penalty of 25 paise per short-fall of 50 kCal/kg. 
will compensate for any changes in heat value. 
The actual price paid for the coal will thus be 
on the basis of its heat value, and would then 
work out to about Rs. 5 per million kilo Calories 
at the pit head. 

5.2 In the case of washery by-products, the 
position is different because the price does not 
depend on tendered rate and free play of com¬ 
petition, as the washeries are almost entirely 
under the NCDC and HSL. In the past, the 
prices were subject to bilateral agreements which 
were based on the controlled rates for coal. One 
of the largest consumers of middlings/by-products 
paid for these on the equivalent in terms of coal 
of Grade III-B containing up to 35% ash less 
Rs. 2.50 per tonne. The equivalent in terms 
of middlings was calculated in the following 
manner: — 

The ash content of the rejects and middlings 
was taken as 55 and 35 per cent respectively. 
Then the formula used was: 

Middling Content: — 

= (Total tonnages ot the mixture) x 
f 55 — (Ash per cent in the mixture)) 

\ ' 20 - / 

The denominator 20 represents the difference 
between the percentage ash content of rejects and 
middlings. 

5.3 Thus it would be seen that the price of 
middlings/by-products was being fixed in terms 
of Grade III-B coal without making any allow¬ 


ance for the extra cost to the Power station on 
account of deleterious effect of the high ash fuels 
and the higher cost of transport and ash disposal. 
As already discussed in the foregoing, these fac¬ 
tors must be taken into account. The Energy 
Survey Committee of India which submitted its 
report in 1965 had considered the washery by¬ 
products as zero cost fuels. Even if this is not 
found acceptable by NCDC and HSL in actual 
practice, there is a clear case for a lower price 
for these. This can be worked out taking into 
account the loss of efficiency, plant availability 
and plant capability in power stations using such 
fuels. For middlings having ash content less than 
32%, it may be reasonable to fix the price at 
a rate equivalent to that for coal of the same 
heat value less Rs. 2.5 per tonne. Recently, the 
Government has further exempted cesses on mid¬ 
dlings/by-products in line with the recommenda¬ 
tion made by the Tariff Commission. These are 
the minimum incentives that the Power Industry 
must insist on to maintain its viability and to 
compensate for the lack of freedom to choose its 
fuel according to its best interests. 

6. The sizes of power stations are increasing 
continuously and the requirements of coal are 
growing. There would, therefore, be an increas¬ 
ing trend to tie certain collieries to specific power 
stations on a long term basis. Under these cir¬ 
cumstances, it would be economical to have long¬ 
term coal contracts between the power stations 
and coal suppliers. The guarantee of a large 
steady market for the coal raisings will enable 
higher degree of mechanisation and rationalisa¬ 
tion in coal production. While earmarking the 
collieries for power stations, planning of alter¬ 
native sources will also have to be kept in view, 
particularly in view of possibilities of colliery 
shut-downs due to labour troubles or breakdown 
of rail transport facilities. These coal contracts 
should ensure that the prices as well as the qua¬ 
lity of fuel (chemical composition' as well as 
size) are stable. The stability of the price and 
quality of fuel will greatly facilitate progressive 
increase in the efficiency, dependability and work¬ 
ing of the power stations. 
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SECTION 10 

QUALITY OF COAL 


The Table 4-8 gives the results of a survey 
of the quality of coal made available to the dif¬ 
ferent power stations in the country vis-a-vis the 
quality of coal for which the respective boiler 
installations have been designed. Data of 52 
coal-based steam power stations with installed 
capacity of 15 MW and above in operation for the 
year 1969-70 have been presented. These 
aggregate to an installed capacity of over 
6.24 GW. Generally speaking the quality of 
coal is seen to meet the design requirements. 


In a few cases (e.g. Bhusaval) the coal actually 
supplied' was of better quality than that for which 
the boiler was designed (Higher calorific value, 
lower ash content). Such a condition also creates 
difficulties in operation and maintenance of the 
boilers and reduces equipment availability. The 
problem of utilisation of inferior grades of coal 
and washery by-products are in a class by itself 
and are discussed in a separate section. 
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SECTION 11 


UTILISATION OF BY-PRODUCTS FROM 
COAL WASHERIES IN THERMAL 
POWER STATIONS 


1. The Government of India, on the recom¬ 
mendations of the Middlings Utilisation Com¬ 
mittee and~the~ Energy Survey Committee, have 
laid down a policy that the boilers of the Public 
Utilities should use inferior coals and those tied 
to the coal washeries should use middlings or by¬ 
products having an ash content of upto 45%. 
This policy was adopted firstly to conserve good 
metallurgical coal and secondly to use by-pro¬ 
ducts left over after washing medium quality 
metallurgical coal for use in the steel plants. Ac¬ 
cordingly, 14 coal washeries have already been 
established in the country and are in operation. 
One or two additional washeries are also in ope¬ 
ration but these are captive washeries and are 
not contributing any fuel for the power supply 
industry. Presently two-product washeries are 
predominant so far as their output of by-product 
fuels (floats etc.) is concerned. The availability 
of these by-product fuels will also increase quite 
substantially in the current plan both from the 
two-product and three-product washeries. 

This position is quite in accordance with the 
recommendations of the Energy Survey Com¬ 
mittee of India. This was based on the presum¬ 
ption that boilers when suitably designed would 
be quite capable of burning inferior coals and, 
therefore, can be employed to utilise the left-overs 
of the washeries. The Energy Survey Committee 
of India thus concluded that the balance of ad¬ 
vantages lies with the two-product system of 
washeries so long as markets are available for 
the use of the by-products for electricity genera¬ 
tion and other uses. The Authorities of the 
Power Stations, who have been using middlings 
and by-products from the washeries over the past 
few years, have, however, found from actual ex¬ 
perience that under the conditions obtaining here, 


the operation of their thermal power stations has 
been suffering very badly on account of the qua¬ 
lity of fuel. The availability of the boiler plant 
and equipment has gone down and the capability 
is also seriously affected, leading to reduced out¬ 
put from the large power stations. The working 
has been made even more uneconomical by the 
high rate of wear and tear on the plant and now 
there are grave doubts as to whether utilisation 
of washery by-products as practised presently 
serves the interest of overall national economy. 
Table 4-9 gives the relative proportion of usage 
of the by-product fuels by different organisations. 
It is seen that by far the biggest user of the by¬ 
product fuels is the D.V.C. group of power sta¬ 
tions. Experience regarding fuels from different 
sources and operation of equipment of different 
makes under the same management is available 
in the D.V.C. This is a valuable base for study. 

2. A case study of the Chandrapura Power 
Station of the D.V.C. has been made. This power 
station, designed to utilise Dugda Washery mid¬ 
dlings, was the first one to be planned to use 
middlings with high percentage of ash and every 
care was taken to see that the boilers were suit¬ 
ably designed. 

2.1 Firstly, the quality of middlings to be 
expected was assessed with the help of Central 
Fuel Research Institute who worked on a pilot 
plant for the purpose. This indicated that the 
composition of the middlings and combination 
of middlings and rejects may be expected to in¬ 
clude the following respectively: — 


Ash .. 

30-1% 

35.5% 

Moisture . 

1.2% 

1.3% 

Volatile material . 

20-5% 

21-9% 

Calorific value Kcal/kg. . 

5645 

5022 
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As against this, the DVC, after discussions with 
boiler manufacturers and other authorities, speci¬ 
fied a fuel having the following analysis :— 

Ash.38 to 43 % 

Moisture . . . . 4 to 6% 

Volatile material . . . 15 to 13% 


2.2 While ordering the boilers, the DVC also 
specified the following: — 


Location 

Max. 

Gas 

Tempera¬ 

ture 

Degree 

°C. 

Max. 

Gas 

Velocity 

Meters 

per 

second 

Min. 

clear 

space 

between 

Tubes 

(mm) 

Superheater Platen 

1100 

8.23 

250 

Reheater Platen . 

980 

9.45 

125 

Reheater Inlet 

870 

13.41 

75 

Horizontal Superheater 

815 

17-68 

50 

Economizer 

Lower 11-38 

50 


2.3 It was hoped that this specification and 
the provision of combination mechanical cum- 
electrostatic dust collector would mitigate the 
erosion due to fly ash. In the contract for fuel 
with the HSL and NCDC, it was stipulated that 
in case the ash content exceeds the ceiling of 
42%, no payment would be made. 

2.4 The first 140 MW reheat unit with steam 
at 123 5 atm., 537°C and 537°C reheat was com¬ 
missioned in November, 1964. Further identical 
units were commissioned in May, 1965 and July 
1967 respectively. 

2.5 Dugda-I Washery (3 stage) owned by 
M/s. Hindustan Steel has been supplying Chan- 
drapur'a about 0.36 million tonls of middlings 
and rejects with an ash content of about 35 per 
cent. Dugda-II Washery which is only a 2 Stage 
Washery was commissioned in September, 1968 
and the supply being received is about 0 ■ 7 million 
tons of by products with an ash content of 40 
per cent. The quality of the by-product fuel re¬ 
ceived from Dugda Washeries and used at the 
station was as given below. (Upto September, 
1968, when Dugda-II was commissioned, the 
washery products were insufficient. The station 


fuel was a blend of raw coal and had 
what lower ash content). 

a some- 


Dugda 

By-pro- 

ducts- 

Ash 

Station 

Coal-Ash 

1964-65 . 

34-94% 

34-92% 

1965-66 . 

35-63% 

33-70% 

1966-67 . . . 

35-06% 

33-39% 

1967-68 . 

36-23% 

33-86% 

1968 (upto end of Aug., 1968) 

34-86% 

34-28% 

1968-69 (Sept., 1968-March, 1969) 

37-20% 

36-80% 

1969-70 (Apri I-Dec., 1969) 

37-75% 

37-75 % 


The above figures are averages for these periods. 
Monthly averages have been upto 41 ■ 6 per cent 
and daily averages have been even higher. The 
quality of fuel has thus progressively deteriorat¬ 
ed. 

2.6 The effects of use of by-products hav¬ 
ing such high ash content have been as follows: — 

(1) Inability of the generating units to carry 
full load due to sharp fall in the capacity of pul- 
versing mills. The unit output has been reduc¬ 
ed from 75 MW to 55 MW at Durgapur (DVC). 

(2) Increase in the coal mill outage for 
maintenance of mill parts like bullring, rolls and 
exhauster fans. 

(3) Appreciable burner erosion resulting in 
instability of fire. Unit No. 3 was put on com¬ 
mercial operation on August 1, 1968 but by July, 
1969, it showed appreciable burner erosion. On 
the other hand. Units 1 and 2, with station coal 
having around 33 per cent ash could carry on 
without comparable erosion on burners for two 
years. The instability of fire has resulted in unit 
outage with considerable system disturbances 
despite use of expensive oil support during low 
load periods. There were 36 outages due to fire- 
out on units 2 and 3 during 1969. 

(4) Increase in the quantity of ash handled. 
The abrasion on ash handling plant has created 
problems of ash disposal resulting in ash build¬ 
up in the dust collector and consequent poor 
performance. 

(5) Increase of wear on I.D. fan. This has 
reduced the capacity of the units from time to 
time. Unit No, 2 has had shut down at I.D. 
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fan on 8 occasions from April, 1969 to October, 
1969 and Unit No. 3 on 3 occasions. (Unit No. 
I was out for some other reason). 

(6) Serious progressive deterioration in over¬ 
all plant efficiency. The annual efficiency figures 
are given below: — 

1965- 66 .... 35-18 percent 

1966- 67 . . . . 35-15 

1968- 69 .... 34-55 

1969- 70 . . . . 31.81 

(8 months) 

Drop in efficiency of about 3-34 per cent means 
increase in fuel consumption by about 10 per 
cent. 

(7) The statutory overhaul of Boiler No. 1 
in 1965-66 was done in 789 hours and of Boiler 
No. 2 in 1966-67 in 1036 hours but overhaul of 
Boiler No. 1 in 1967-68 took 2241 hours and of 
Boiler No. 2 in 1968-69 as much as 2482 hours. 
Thus the overhaul period has increased by one 
month i.e. about 8 per cent. In other words, 8 
per cent more generating capacity has to be pro¬ 
vided (on account of lower plant availability) in 
order to be able to meet the same load demand. 
In a system with 4 million kW installed capacity, 
this would mean about 300 MW, the cost of which 
would be about Rs. 54 crores. 

(8) The additional installations and lower 
efficiencies also mean additional costs on fuel 
raising, transport and ash disposal. Huge addi¬ 
tional investments will thus be necessary if we 
are not able to operate our thermal stations in a 
better manner. 

3. The West Bengal State Electricity Board 
has also had similar experience in the operation 
of their Bandel Thermal Power Station. The 
monthly average ash content of the station coal 
has varied from 28% to 33% in 1967, 29'4% to 
34-6% in 1968 and 27'2% to 31'1% in 1969. 
The station coal includes washery by-products, 
the proportion of which has recently been reduc¬ 
ed with a view to improving the plant perform¬ 
ance. The Annexure 4-2 gives the troubles en¬ 
countered and the remedial measures taken. 

4. The experience at other plants of D.V.C., 
Bihar etc. also fully supports the findings of the 
above study. We are thus now in a position to 
arrive at rational scientific conclusions, based on 


the experience in Indian power plants, of utili¬ 
sation of washery middlings such as become 
available frofai the Indian coal washeries. The 
earlier views on the subject a few years back 
had, in the absence of experience under Indian 
conditions, been based on expectations in the 
light of experience elsewhere. It would now be 
in the fitness of things to modify these earlier 
views and policies to suit the Indian conditions, 
so that the maximum conservation of natural re¬ 
sources as well as the best possible utilisation 
of financial and other resources can be achieved. 
It is only in this manner that economic and tech¬ 
nically satisfactory working of washery based 
power stations cjm be achieved.. Taking into ac¬ 
count the studies embodied in the report of the 
Energy Survey of India Committee and other 
bodies as well as the experiences related above, 
the following conclusions are arrived at :— 

(i) Utilisation of coal washery by-products 
is a necessity from the larger national view-point 
for conserving the supplies of coking coal, 
improving the economics of coal supplied for 
different uses and for disposal of large volume 
of washery by-product. 

(ii) It is the abrasive content of the ash that 
plays havoc in the boiler plant and equipment. 
The deleterious effects of ash itself are relative¬ 
ly less. It is, therefore, necessary to equip each 
washery with adequate equipment for removal of 
stones and other abrasive material. The ash 
content should also be reduced preferably to 
28-32%. 

(iii) To achieve the above, it is necessary 
that steps should be taken immediately in the 
existing coal washeries to reduce the abrasive 
material and to ensure that ash content does not 
exceed 28-32%. Further, it must be laid down 
that the future washeries should be on 3 State 
ones and equipped with adequate arrangements 
for removal of stones and other abrasive material. 

(iv) Detailed studies and tests would be 
necessary on the present inputs and products of 
the two-stage washeries to establish the extent 
to which lower ash middlings can be produced 
and the additional washing machinery required. 
Studies for this should be instituted, possibly at 
Central Fuel Research Institute immediately. 

(v) It is recommended that a practical time¬ 
table for taking the above corrective actions must 
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be established immediately jointly by all concern¬ 
ed. We feel that the corrective actions in respect 
of the existing washeries should not take more 
than two years for becoming fully operative. 

(vi) The factors responsible for erosion da¬ 
mage to the boiler plant and equipment have so 
far eluded scientific identification. Research 
work for this should be initiated immediately. 

(vii) Design, construction and material in 
the boiler plant, appurtenant plant and equipment 
require considerable further attention for devis¬ 
ing ways and means of living with washery by¬ 


product fuels. The existing power plant instal¬ 
lations should be fully utilised making field trials 
of different new innovations or designs of equip¬ 
ment for this purpose. The equipment requir¬ 
ing attention is the coal mills,. I.D. fans, layout 
and arrangement of super-heater and economiser 
tubes, ash handling disposal systems, design and 
arrangement of burners. It is strongly recom¬ 
mended that our nascent boiler plant manufac¬ 
turers and manufacturers of appurtenant equip¬ 
ment approach this problem earnestly in colla¬ 
boration with the organisations owning and ope¬ 
rating the existing power stations, so as to evolve 
the necessary Indian technology. 



f 


90 



Report of Study Group 


^ i C i 

*1 3 n W w 

§ U N |-S 

S o ft£ § 

u E -a 


p a. D O flj S 

^ o w D- Cd TJ 


M o 
V a . 
*2 *3 fl 

5s~ 

* o~ 

* o 


g*©®* 

.SS &&£<* 

Wo £•<« 
“ »5 O.C O 


t-~ MO ’0\ 

*-< CN 


(H-h .cCovio 

rf © ’ voOnMn, 
1-1 1-1 CN Ui 


V£> O © 

12 ^'o 

Os 

SO —i 


vo *-■< r-- oo r- o 

*<t oo m 5 <*> «/i 
Ot^r-^-osr- 
i-i CN to ''t <S 


a S 
§• o| 
&o " ~o 


<N so VO Os 
h- n m 
*—> so ’— 1 


| i-i OmMn^f'C 

I -4- Mfnw'tjvo M 

^ fM 00 t-- OS O os <N 


© SO VO 04 
rh i-i ro s—i 

r— VO —< ro 


co os r- 1 ^- vo m O 

,H Nooit2'ooN 
n oo r- o£ vo cs 
*-i n m c-4 ^ ts 


O O 0^00 
1-H r4 


<N &* gS.*S 

a 53,2 «"’§ 

S J3 ’S, 60.2, 
•a SJ i o 
K 03 3j3 
I-JQ0P9 


y3 jt 

2 e* 
C.T, 
t: rtiQ 

rt > 

M wO 


g J2 a 

r 5’o^ , T''5 0,13 

trl -w % <*> W1 S 


*■* i-1 n c*s rf 


i <ni m ^ *r> vo t-~ 


Total . . 73-8 1837-6 1911-4 413-0 683-3 278-‘= 253-2 9-0 .. 120-1 0-9 2-1 44-5 1804-6 79-1 27-7 

Grand Total 213-1 3072-4 3285-5 413-0 683-3 949-5 343-9 9-0 136-0 120-1 0-9 2-1 47-4 2705-2 542-4 37-9 

, Source : Deptt. of Mines and Metals, 









Power Economy Committee 


TABLE 4—10 

Broad Pattern of the Linkage of Power 
Houses with Coal Washeries 


Power House 

Washery 

1. Bokaro 

. Kargali 

2. Durgapur (DVC) . 

. Durgapur (HSL) 
Patherdih 

3. Durgapur (PPS) . 

. Durgapur (WB) 

4. Bandel 

. Londa (1) 

5. Chanderpura 

. Dugda I 

Dugda II 

6. Patratu 

. Kothara 1 

Gidi i- (2) 

Sawang j 

7. Santaldih 

. Bhojudih 


(1) Only a small quantity of middlings from 
Lodna is taken by Bandel. If this 
Power House could make blending ar¬ 
rangements, it would provide an outlet 
for Bhojudih middlings till such time as 
Santaldih comes up. 

(2) Middlings from Kathara and Swang 
may be partially diverted to the new 
Power House which the Bokaro Steel 
propose to set up at their works. 

(3) Durgapur (DVC) is supplied from Jama- 
doba also though not formally linked. 
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1. Introduction : 

1.1 At the end of the Second Plan, there 
were very few large thermal power stations in the 
country. The coal consumption of most of these 
stations was less than half-a-million tons per 
year. The coal supply to these stations was also 
not linked to any particular colliery. Most of the 
coal for these stations was being obtained after 
calling yearly tenders. The transport of this coal 
was, therefore, being done from the various col¬ 
lieries in wagon loads as per the requirements 
of the various collieries. During the course of 
the Third Plan, construction of a number of Ther¬ 
mal power stations with unit sizes of 50 and 100 
MW was taken up and by the end of 1969, a 
number of these had been completed. The coal 
consumption of some of these stations will be of 
the order of a' millon tons per year. Most of 
these stations have been linked with particular 
mines and long-term coal contracts are being 
drawn between the power station authorities 
and the mines. This will, therefore, involve con¬ 
stant movement of coal between two points. Such 
large quantities are best transported by means 
of unit train instead of wagon loads. The Power 
Stations are now in a position to take continu¬ 
ously a rake load of coal and the railways will 
not have to marshall wagons to form rakes every 
time at the junction stations. The basic change 
in the unit train concept is in handling coal by 
train load instead of wagon load lots. 

1.2 In the unit train concept, normally the 
train uses bottom discharge type of wagons so 
that after coming to the station, it moves very 
slowly over the hoppers and the bottom dump 
wagons are discharged one by one without stop¬ 
ping the train. At the mine end also, the train 
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does not stop, but is continuously loaded by 
chutes while the train is moving at a slow speed. 
No tippler is required at the power station for 
unloading purposes and there is no waiting time 
at the station, the reduction in time, therefore, 
at the power station and the mine considerably 
increases the turn around of the wagons and 
hence reduces the capital investment on the rol¬ 
ling stock. On unloading at the destination, the 
train would immediately proceed back to the 
mine, load and return. No time is to be lost bet¬ 
ween loading, unloading and running. In such 
a service, the railway operation stimulates a con¬ 
veyor belt. By adoption of unit train, it would 
be possible to increase the speed of the trains and 
thus to save time in the running time of the trains. 
Moreover, the inspection of the wagons, which is 
normally done after about 400 KM, can be plan¬ 
ned in a proper manner. The stoppages of the 
unit train could be arranged at such stations 
where inspection facilities are available. There 
need be no other stoppages of the unit train. 

1.3 Various devices are used to open 
the doors of the wagons for unloading. They 
vary from simple mechanical type to electronic 
devices, with the help of the latter, it is possible 
to unload full train loads of 10,000 tons from 6} 
to 15 minutes. 

1.4 In addition to the doing away of wagon 
tipplers, the space requirement for marshalling 
yard at the station and the length of railway track 
are considerably reduced. It is also no longer 
necessary to employ shunting locomotives at the 
station. 

2. Use of Unit Train in advanced countries: 

2.1 This concept was first introduced in 
U.S.A. where the thermal power stations were 
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utilising gas and oil in addition to coal for power 
generation. The various types of fuels had to 
compete each other and this led to reduction in 
the cost of the various types of fuels. In the 
face of this competition, the unit train concept 
came into being there. The railways had to re¬ 
cognize that if the coal industry, which was one 
of their best customers, was to compete success¬ 
fully against the growing popularity of the other 
fuels, coal had to be delivered to power plants 
at a much lower cost than was possible under 
the existing high freight structure. The serious 
consideration given by the coal industry and the 
utilities since 1960 to pipeline transportation of 
coal further led rail roads to re-shape their think¬ 
ing and in 1962, the concept of unit train was 
bom. 

2.2 In U.S.A., it has been estimated that 
unloading by wagon load lots costs about 4\ cents 
per ton, whereas unit train unloading by hopper 
gates costs about one cent per ton, the handling 
time being reduced by a factor of 10. In spite 
of rising cost of labour and materials, the average 
cost of transport has come down. Factors, which 
reduce the cost per ton, are higher wagon utili¬ 
sation (in spite of an empty return) and higher 
load per wagon. These can be seen from the 
comparative estimates for conventional and unit 
train operations to transport 1:5 million tons of 
coal a year, on the basis of study made in U.S.A., 
as per the data given in the Table below: — 

Conventional Vs. Unit Trains—Comparative cost of Trans¬ 
port (1 • 5 million Tons of coal) 


Conventional Unit train 


Wagon Capacity (Tons) . 

63 

100 

Loads per wagon per 

year 

2,175 

150 

Tons per wagon per 
year .... 

1,370 

15,000 

Wagons required 

1,095 

100 

Costs per wagon (!) 

10,600 

13,300 

Total investment on 

wagons($) 

11,607,000 

1,330,000 

A mortization per year($) 

1,145,000 

131,000 

Cost per ton ($) 

0-763 

0-087 

Extra capital investment 
over unit train opera- 
tion($) 

10,267,000 

• ■ 


Sources : Snoffer, R. D. and Hanson, V. D.—The Unit 
Train —Planning Operating and Financ¬ 
ing, Coal Age, March, 1964, p. 54. 


2.3 In the U.S.A., a train rake comprises of 
100 to 200 wagons constituting a train load of 
6000 to 15000 tons of coal per rake. The train 
haulage loads even range from 35,000 to 40,000 
tons. 


2.4 In United Kingdom also, all movement 
of coal at present to the various stations is being 
done by bottom discharge type wagons and mer¬ 
ry-go-round unit train. The CEGB are using a 
32 ton capacity wagon whenever feasible, unit 
train having a pay load of 1000 tons. On the 
introduction of unit train there, the retention of 
the wagons at power station was reduced from 24 
hours to one hour. Storage sidings at the station 
were practically eliminated and the total lengths 
of track at the station reduced from an average 
of 26 KM to an average of 7 KM. 

Significant benefit accrued to British Rail¬ 
ways from this development, wagon building 
programme was cut to half and the utilisation 
of locomotives and train crew was intensified. 
This resulted in new tariffs in 1962 reflecting the 
reduction in costs achieved with the new system. 
In India at present, rakes of 45 wagons contain¬ 
ing about 2500 tons of coal or train loads of 
3600 tons are being hauled. Such trains as 
unit trains can, therefore, meet the complete an¬ 
nual requirements of a power station. 


3. Prospects for use of unit train in India: 

3.1 The Energy Survey Committee (1965), in 
its report, had suggested that closed circuit unit 
train movement of coal should be investigated for 
certain large power plants, which were contem¬ 
plated for location away from the coal fields. The 
World Bank Mission, which was investigating 
methods of improving the capacity of the Indian 
Railways, had gone into this question in detail 
and it had found that in circumstances, where a 
minimum quantity of 400,000 tons of coal per 
year had to be transported, the unit train move¬ 
ment offered a considerable advantage. The 
World Bank Mission had calculated the tariff for 
such closed circuit movement based on the cost 
figures supplied to them for such operations. 
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These are given below: — 


Distance in Km. 

Tariff rate per 
t onnein wagon 
loads (Oc!., 
1963) 

Calculated rat 
for closed cir¬ 
cuit operation 
by unit trains 


Rs. 

Rs. 

50 

616 

1-37 

100 

7-33 

2-20 

200 

9-90 

3-87 

300 

13-28 

5-54 

400 

15-33 

7-21 

500 

17-13 

8-88 

600 

18-82 

10-55 

700 

20-33 

12-22 

800 

21-66 

13-89 

1000 

24-58 

17-23 

2000 

34-73 

33-93 


Source : Energy Sutvey Committee Report (1965)—Page 
134. 


3.2 The Energy Survey Committee had cal¬ 
culated the cost of movement of coal by unit 
trains at Rs. (0.53+0.0167 x KM) as against 
Rs. (3'94+0;343xKM) for car load lots, bas¬ 
ed on a 10% return on capital. The present day 
tariff per metric ton for transportation of coal is 
based on the formulae i.e. Rs. 5.52+0.032 x D in 
Km for distances upto 240 KM and Rs. 7.50+ 
0.027 XD in Km for distances upto 1,000 Km. 
The effect of reduced cost on coal transport by 
this method is considerable on the cost of energy 
per KWH. The Energy Survey Committee has 
indicated rail cost per KWH of 1.47 paise for 
a distance of 600 Km. for car load lots against 
0.63 paise for coal movement in closed circuit 
unit trains. 

3.3 The comparative cost for transport of 
fuel in wagon load lots by closed circuit unit 
trains and transport of energy by EHV transmis¬ 
sion lines is also indicated below: — 

Cost per kwh (paise) 

Distance in -.-—. _ 

Km. By wagon By unit Transmission of 

lots train Energy by EHV 


Transmission 
lines 300 MW 
at 70% L.F. 


1 

2 

3 

4 

50 . 

0-43 

0-12 

0-26 

100 . 

0-52 

0-20 

0-39 

200 . 

0-72 

0-35 

0-56 

300 . 

0-90 

0-50 

0-75 

600 . 

1-44 

0-94 

1-31 


(Based on the data presented by the Energy Survey 
Committee which is given in Table 4-13, the above data 
has been brought up to present price leyels). 


On the perusal of the above Table, it will 
be seen that EHV transmission of energy is 
cheaper than transport by rail by conventional 
method i.e. by wagon load lots for all distances, 
whereas transportation of energy by rail by unit 
train is even cheaper as compared to EHV trans¬ 
mission of energy. The transportation of energy 
by rail by unit train is the cheapest. Keeping in 
view overall national interest we must adopt ways 
and means which would bring down the overall 
cost to the nation. Savings in this regard can 
be shared by the Railways and Power Supply in¬ 
dustry to mutual benefit. 

3.4 We have plentiful natural resources of 
non-coking low grade coal. In addition, an 
economic outlet has to be found for the surplus 
by-product .coal (middlings) obtained by the bene- 
ficiation of low grade metallurgical coal. Large 
thermal power stations are being generally set 
up near the source of these fuel resources. How¬ 
ever, in certain cases, it may be more advantage¬ 
ous to locate such stations at the load centre and 
these may also be required to be established in 
regions away from coal fields for firming up hy¬ 
dro-power. In some cases, it may be essential 
to establish thermal stations of sizable capacity 
at points remote from coal pits from the point 
of view of grid stabilisation and also to make 
zones of supply self-supporting in the case of un¬ 
foreseen extensive damage to interconnecting 
transmission lines. 

3.5 Further, these have to be located both 
from the consideration of availability of fuel as 
also availability of water. The latter is also a 
major consideration and even the mine-mouth 
stations may have to be located at places where 
plentiful supplies of water are readily available. 
In other cases, coal may have to be moved to 
the power stations from central washeries. Rail 
transport is, therefore, mostly involved in the 
transport of coal from the source to its ultimate 
use. 

In the absence of closed circuit rail move¬ 
ment, with the present coal freight structure, even 
a short haul of middlings has become unecono¬ 
mical. In order, therefore, that these resources 
are able to compete with other sources of energy, 
it is necessary that the freight rates of transport 
Of coal to various power stations are based on 
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the unit train concept of coal movement, if power 
has to be generated economically using these re¬ 
trains is adopted. 

3.6 The cost of fuel constitutes about 80% 
of the running cost or about 50% of the overall 
cost of generation of electrical energy in thermal 
power stations. The cost of transport by rail 
at places further from collieries may constitute 
anywhere upto about 55% of the cost of fuel 
delivered to the station. Thus, the cost of rail 
transport is a major item forming 15 to 25% of 
the cost of energy generation, depending on the 
distance of power station from the fuel source. 
The freight structure at present applicable to fuel 
transport needs early review. 

3.7 With a view to working out the relative 
economics of the various modes of transportation 
of energy, a study has been made in respect of 
the principal thermal power stations. The volume 
of transportation of coal is indicated in Table 
4-fi & 4-12. The Table 4-11 contains data in 
respect of the volume of coal consumptions and 
railway freights etc. for the year 1968-69. Table 
4-12 contains data in respect of the volume of 
coal consumptions and freights in respect of the 
year 1973-74 (by end of Fourth Plan). The esti¬ 
mated freights for the transportation of coal for 
the year 1973-74 have been worked out on the 
basis of transportation of coal by (i) conventional 
methods i.e. by wagon load lots and (ii) by unit 
trains. From Table 4-12 it will be seen that an 
annual saving upto Rs. 10:82 crores would be 


possible in case transportation of coal by unit 
trains is adopted. 

3.8 In the concept of unit train for move¬ 
ment of coal, the fact of return of empty wagons 
to the coal mines after unloading of coal at the 
power stations may seem to be a disadvantage. 
But it has been proved in advanced countries 
like U.S.A., U.K. etc. that the cost of transporta¬ 
tion of coal works out to be far less in respect 
of unit trains as compared to the cost of trans¬ 
portation by wagon loads, in spite of 100% re¬ 
turn of empty wagons. In the case of Indian 
Railways, it is understood that the average pro¬ 
portion of ‘empties’ is 50 to 60 per cent. There 
are. however, areas where there are 100?;, ‘em¬ 
pties’ after transport of coal. It is, therefore, 
suggested to initiate the transportation of coal by 
unit train in those areas where the percentage 
of empties is 100% or so. 

3.9 The above data are being furnished as 
a ready basis for further study. It is suggested 
that the matter may be examined in depth by 
the Railway Board in consultation with the C.W. 
& P.C. so as to evolve better methods of trans¬ 
portation which would bring down the overall 
cost to the nation. 

4. The concept of transportation of coal 
by unit train has: been adopted by Madhya 
Pradesh Electricity Board for transportation of 
coal for Korba-II (200 MW) Thermal Power 
Station from Manikpur Colliery located at a dis¬ 
tance of 10 km. from the power station. Their 
experiences are given in Annexure 4-3. 
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21 Northern Region. . Delhi . - '. 290 0-57 0-57 Bihar 1250 31-67 '37-50 21-375 712-50 

(Grade II) 



TABLE 4—11— (Contd.) 

Regionwisb Requirements of Rails Transport for Coal for Power Stations— 1968-69 
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TABLE 4—12 

[Regionwise Requirements of Rail Transport for Coal Power Stations— 1973-74 

Note. —Power Station Units below 10 MW capacity have not been taken in to account ) (Assumption coal consumption at 2 • 8 tonnes / 
KW of installed capacity) 
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Note.—F reightratesinCol. 10 have been assumed as those calculated by Energy Survey Committee for closed circuit Operations by unit trains increased by about 
account for general/freight increase during the period 1963-70. The rates have been assumed asunder:— 

Distance in km. . . 50 100 200 300 400 500 600 700 800 1000 1200 

Freight rate . . . 3-00 4-00 6-00 8-50 11.-00 13-50 16-00 18 00 20-00 24-00 28-00 
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TABLE 4—13 

Comparative Costs for Transport fuel 
and Electrical Energy 


Distance (Km) 

Cost per kWh (Paise) 

By wagon 
load lots 

By unit 
train 

Transmission of 
Energy by EHV 
Transmission 
lines 300 MW 
at 70 % L.F. 

50 . 

0-34 

008 

0-20 

100 . 

0-44 

013 

0-30 

200 . 

0-65 

0-23 

0-43 

300 . 

0-85 

0-33 

0-58 

600 . 

1-47 

0-63 

1 01 


Source : “Energy Survey Commit lee Report (1965)”— 

—pages 133-135. 
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SECTION 13 


RATIONALISATION OF FREIGHT 
STRUCTURE FOR TRANSPORT OF 
COAL OVER SHORT DISTANCES 


The Railways, at present, have a fixed tariff 
for transportation of coal for short distances upto 
40 Km. The various power stations, viz., Chandra- 
pura, Talcher, Satpura have adopted transporta¬ 
tion of coal by belt conveyors, whereas power 
stations like Bokaro have adopted transportation 
by aerial ropeways. For Durgapur (DVC) power 
station, transportation of coal is being done by 
belt conveyor as well as by rail. The amount of 
freight being paid by various power stations loca¬ 
ted within 50 Km. from the source of coal is tabu¬ 
lated as under: — 


Coal Traffic for Thermal Power Stations Year 1968-69 


Name of Station 

Coal 

transported 
in million 
ton 

Coal traffic 
in million 
ton Kilo- 
tre 

Annual 
freight 
paid in 

Rs. mill. 

Durgapur (DVC) 

0-30 

15-0 

3-45 

Durgapur WB). 

0-43 

21-50 

3-655 

Patratu 

0-25 

8-75 

2-75 

Khaperkheda . 

0-40 

20 

3-2 

Kothagudam 

0-62 

186 

6-82 

Ramagundam . 

0 05 

1-5 

0-55 

Total 

2-05 

85-35 

20-425 


It will be seen that for transportation of 2 05 
million tonnes, the freight charges upto Rs. 2.04 
crores are being paid annually i.e. at an average 
rate of Rs. 10.00 per tonne. Usually, it has been 
seen that it does not cost more than Rs. 5.00* 
per tonne for such short distance haulage by 
other means like belt conveyors, aerial ropeways 
etc. Obviously, the freight being paid by the 
various power stations is very high and the Power 
Supply Industry is carrying an unnecessary bur¬ 
den. In the absence of a rationalised freight 
structure, it is not possible to determine as to 
what is the most economical method of trans¬ 
portation for coal for power stations which are 
located close to the source of coal as such com¬ 
parison gets distorted. It is, therefore, essential 
that the Railways should rationalise the tariff 
structure for short distances so that the most 
economical alternatives, out of the three available 
alternatives, viz. (i) belt conveyors; (ii) aerial 
ropeways; (iii) by railways, could be adopted in 
the interests of the minimum economic cost to 
the Nation. There is also perhaps room for 
reduction of the rates. 
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1. The petroleum fuels used for large ther¬ 
mal stations in the country are variously named 
as residual fuel oil (RFO) or hot heavy stock 
(HHS). The former term is used in the case 
of Koyali Refinery in Gujarat supplying Dhuva- 
ran and Ahmedabad, while the latter term is 
used in case of supplies from Indian Oil Cor¬ 
poration (IOC) to Barauni Power Station and 
supplies from ESSO and Burmah Shell Refineries 
to the Trombay Power Station in Bombay. Both 
these products are substantially the same. They 
are by-products of the refineries, and unless these 
are utilised as they are produced, the output of 
the refineries will be seriously affected for want 
of adequate storage facilities for these. 

2. Policy of Pricing: 

2.1 Power stations like Dhuvaran and Bara¬ 
uni have been designed and constructed for uti- - 
Using these by-product fuels. However, it is 
found that the prices charged for these by-pro¬ 
duct fuels are substantially higher than those 
for coal per unit of heat content. The price is 
generally- around Rs. 100 per metric tonne for 
the hot heavy stock or residual fuel oil. The 
only exception is Dhuvaran Power Station of the 
Gujarat State Electricity Board. They are pre¬ 
sently receiving RFO to the extent of 1050 ton¬ 
nes per day at Rs. 45 per tonne and natural 
gas from Cambay Gas Field to the extent of 
130,000 m’/day at Rs. 62.86 per 1000m 3 . It 
is, however, understood that these prices are valid 
only for a limited period of time. It is under¬ 
stood that prices of these by-product petroleum 
fuels are generally being decided on the basis of 
cost of alternative fuels (providing the same heat 
value) in that area. Alternatively, the price of 


SECTION 14 

POLICY OF PRICING FOR PETROLEUM 

FUELS 


fuel oil is being fixed by IOC on the import 
parity basis. When the crude oil production was 
in its infancy, the import parity pricing was pro¬ 
bably the only solution possible and in view of 
the small quantities of indigenous crude, it was 
rational to fix the price on the basis of crude 
prices in the Persian Gulf area which supplied 
major portion of the crudes. Continuance of this 
practice now, however, does not appear to be 
rational and perhaps gives a substantial margin 
of profit to the IOC at the cost of the power 
supply industry. 

2.2 For most of the other products which 
are used by a large number of consumers, ceiling 
prices are being fixed. Prices have been pres¬ 
cribed even for furnace oil as it is used as fuel 
by many industries. No price has, however, been 
prescribed in this manner for HHS or RFO. It 
is understood that this has been done in view 
of the fact that HHS and RFO are being sold 
by the producers directly to the actual users who 
are very few and, at the same time, big and strong 
enough to be able to negotiate reasonable prices. 
In practice, however, this is not found to be the 
case and the power supply industry is obliged 
to pay very high prices. It may be noted here 
that the price ceilings fixed for other petroleum 
products from the refineries do not depend on the 
prices arrived at mutually by the suppliers and 
consumers for HHS or RFO. The price of these 
consumer items will not, therefore, go up even 
if lower prices are negotiated for the power sta¬ 
tion fuels. 

2.3 One of the main impediments in proper 
pricing of these fuels is that no proper costing 


15—11 & P/72 


105 



Power Economy Committee 


has apparently been done so far for the produc¬ 
tion cost of oil crudes obtained in India. The 
need for such costing has already been pointed 
out by the Oil Pricing Committee (Ministry of 


Petroleum etc.) and others. It is, therefore, 
necessary to expedite an appropriate study in 
this regard for the different oil and gas fuels in 
the country. 
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SECTION 15 

AVAILABILITY OF PETROLEUM FUELS 


1. Presently, the main use of HHS and RFO 
is as fuels in large thermal power stations. There 
are other proposals of using these, as well as the 
gas, materials for petro-chemical industries. If 
these possibilities materialise, future availability 
of these products as fuels may be restricted or 
even stopped. 

2. It is understood that there are already 
proposals for withdrawing the fuel gas arid per¬ 
haps also HHS from Dhuvaran, for use as raw 
materials by the fertiliser factories. This will 
seriously upset the working of Dhuvaran power 
station which has been designed for these fuels. 
If coal is now to be used as a major fuel, sub¬ 
stantial initial investments may have to be made 
for adequate coal storage and handling facilities 
and other auxiliaries. 

3. Barauni Power Station in Bihar is another 
case in point. The site of the Thermal Power 
Station was located at Barauni due to its proxi¬ 
mity to the Oil Refinery and the possibility of 
getting full requirement of furnace oil for the 
power plant. In the year 1963, in a discussion 
held with the Ministry of Mines and Fuels, the 
Bihar State Electricity Board was assured the 
supply of 2,20,000 tons of furnace oil annually 
with effect from 1966. A direct pipe line from 
the Refinery to the Power Station had also been 
proposed for delivery of oil and the Bihar State 
Electricity Board paid over Rs. 6 lakhs to the 
Refinery for installation of this pipe line. Fol¬ 
lowing this agreement. Electricity Board made 
certain changes in the coal receiving, storing and 
handling arrangements in the power station and 
concentrated on proper arrangement for receiving 
furnace oil, storing it in the premises and for 


burning the furnace oil in all the 5 boilers of 145 
MW power plant. Nearly a crore of rupees have 
been spent on making these arrangements for 
the above purposes. The modified coal handl¬ 
ing arrangement is limited to burning of coal 
as a stand-by fuel only. 

3.1 L.S.H.S. and furnace oil, which are by¬ 
products are now being supplied to the Barauni 
Thermal Power Station by the Refinery. The 
supply is being made by truck and railway wagons 
because the pipe line has not yet been made ready 
by the Refinery. The maximum off-take per 
month has reached a figure of nearly 7,000 tons 
for operation of 3 units only,. (1 x50 MW and 
2xl5MW). When another unit of 50 MW is 
commissioned shortly, the requirement of furnace 
oil will increase to 15,000 tons per month. In 
addition, there is a proposal to extend the Barau¬ 
ni Thermal Power Station by installation of one 
more 110 MW unit in the 4th Plan with boiler 
having only oil firing arrangement. Then the 
requirement of oil per month will go up by ano¬ 
ther 10,000 tons. As a matter of fact, there is 
a scheme for installing a second 110 MW unit at 
Barauni in the Five-year Plan. Thus the total 
requirement of fuel by Barauni Thermal Power 
Station during 4th Plan period will go up from 
15,000 tons to 25,000 tons per month. 

3.2 It is now suddenly learnt from the Fuel 
Adviser of the IOC that the production pattern 
of the Barauni Refinery is being altered and the 
Bihar State Electricity Board will now receive 
only 9,000 tons of residual oil for burning in 
the boilers. This means that the power produc¬ 
tion in the North Bihar region will have to be 
considerably curtailed in the near future. This 
will naturally result in idle capacity which will 
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ruin the economic working of the Electricity 
Board besides involving heavy national loss. Coal 
firing can be re-introduced in some of the units 
but for this purpose several modifications in the 
coal storing and handling arrangements will have 
to be made for which nearly half a crore of rupees 
may have to be invested by the Electricity Board. 
Besides, there is shortage of space for coal storage. 
Also, there is no adequate reserves of coal in the 
Giridih mines and, therefore, arrangements may 
have to be made for supply of coal to Barauni 
from the distant Jharia coal-fields which will in¬ 
crease the cost of power further. 

4. It is evident from the above that there 
are certain serious lacunae in the matter of for¬ 
ward planning in regard to petroleum fuels in 
large thermal power stations. In response to an 
enquiry from the P.E.C., the Ministry of Petro¬ 
leum has replied as follows: — 

“It has been observed from our end studies 
done in this Division for 1968, that about 
22-6% of fuel oils consumed during that 
year were used for power generation. It 
will be difficult for us to give any assessment 
for the share of Fuel Oil to be used for 
Power Generation in future years. However, 
as per our latest estimates, the total consum¬ 
ption of Fuel Oils during 1970 to 1979 will 
be as under: — 


Year 

Million tons 

1970 

4-777 

1971 

5118 

1972 

5-656 

1973 

6-452 

1974 

6-756 

1975 

7-083 

1979 

8-662 

It is not possible 

for us to give the esti- 

mate for availability 

of Fuel Oils during 

these years, as some 

proposals for putting 


up secondary processing units in certain re¬ 
fineries are under consideration of this mini¬ 
stry and the availability of Fuel Oils will 
significant vary with the acceptance or re¬ 
jections of these proposals.” 

4.1. As already stated in the case of Barauni 
Power Station, non-availability of these fuels com¬ 
ing up without warning can prove disastrous to 
the programme of power generation and hence 
to the programme of industrial and agricultural 
growth in the areas depending on petroleum fuels. 
This is a very serious matter and action must be 
initiated immediately to ensure that advance plan¬ 
ning of at least five years or so is available at 
all times. It is further essential that representa¬ 
tives of the appropriate power station authorities/ 
Electricity Boards be associated with this plan¬ 
ning work from the beginning. In the interest 
of power generation programme, it is also neces¬ 
sary that firm long-term contracts are entered in¬ 
to with the Suppliers of petroleum fuels so as to 
ensure stability of prices as well as quality of 
these fuels. This is necessary in the interest of 
reliable and economic power generation. 

5. In the light of the forgoing, it is strongly 
recommended that commitments already made 
regarding supply of petroleum fuels to power 
stations should be honoured fully in future also. 
Owing to the shortcomings of the planning in 
this respect mentioned in the foregoing, it is pos¬ 
sible that certain compulsions may arise in this 
regard. In case of power stations based entirely 
on petroleum fuels, if it turns out that the petro¬ 
leum fuels are not likely to be available in future, 
these power stations should be taken into confi¬ 
dence and given a warning sufficiently in advance 
to enable their making alternative arrangements. 
The power stations should be compensated for 
the additional costs involved in changing over 
to other fuels. 
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Operation of the Steam Power Stations 
in India has been studied with a view to identi¬ 
fying the important causes of forced outages or 
reduction of capability of the generating plant. 
In a number of cases, valuable lessons can be 
drawn for improving the design and performance 
in future. These studies are primarily based on 
the larger thermal power plants which contribute 
the greater part of thermal energy generation in 
India. These include the power stations of the 
D.V.C., nine large State Electricity Boards as well 
as some other important stations like Renu Sagar, 
Neyveli etc. Care has been taken to cover power 
stations belonging to all the 3 groups of equip¬ 
ment parameters mentioned in the review of in¬ 
stallations earlier. The causes as well as the pos¬ 
sible remedies are given briefly in the following. 
These are arranged according to the different 
sub-systems of the Thermal Power Stations, Only 
the Thermo-Mechanical Systems are covered here 
and the Electrical Systems will be covered joint¬ 
ly with Hydro Power Stations and Electrical Grid 
Systems. 

1. Coal Handling: 

1.1 Pilferage: 

With the introduction of 8-wheeler open 
BOX wagons for coal movements, the pilferage 
is on the increase. The railways must take effec¬ 
tive measures to prevent pilferage of coal from 
the wagons on the way from the Collieries to the 
Power Station. 

1.2 Ingress of iron along with coal: 

Selection of the mode of coal transportation 
is done considering the distance of the Power 
Station from the coal mines. On Power Stations 
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near the coal mines and washeries belt conveyor 
system is often used for transport of fuel. If 
adequate provision is not made to separate tramp 
iron at the source, it is carried with the fuel on 
the conveyor. Sometimes the tramp iron with 
sharp edges may cut the belt conveyors resulting 
in interruption in fuel supply to the units and 
heavy maintenance expenditure. Unless the ma¬ 
gnetic Separators are efficient, ingress of iron 
causes feeder jams, and if it finds passages to 
the pulveriers, forced outage of the affected pul¬ 
veriser mill as well. In a direct system of pul¬ 
verised fuel (PF) firing, such intrusion results 
either in erosion of generating capacity or, in some 
cases, loss of ignition leading to tripping of the 
unit, particularly in case of reheat installations. 

In so far as the Bin System of firing is con¬ 
cerned, any interruption in the milling plant may 
or may not result in loss of generating capacity, 
but a ferrous intrusion foreign to the pulveriser 
is fraught with the danger of the equipment suf¬ 
fering damage and prolonged outage. 

Tramp iron does not form part of coal bands 
in the mines, but finds its place at the time of 
coal mining or stacking before loading coal in 
wagons. This is an avoidable trouble provided 
collieries take care to see that loose pieces of 
iron are not left at the place where coal is stack¬ 
ed at the mine. This sort of trouble cannot be 
entirely eliminated, but much improvement can 
be effected by annexing the co-operation of the 
colliery authorities. 

1.3 Bunker arching : 

Arching in coal bunkers, either due to ces¬ 
sation of mass flow of coal, or formation of rat 
holes, is a common phenomenon. In the first 
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case, the bunker inclination has a positive role 
to play. It should be such as to facilitate easy flow, 
about 55 degree valley angle with the horizontal 
being considered ideal. Proper choice of crush¬ 
ed coal particle size also has important bearing 
on flow; If the coal is too fine and wet, chances 
of arching are enhanced. Power Stations instal¬ 
led in areas having high rainfall should therefore 
have covered conveyors while ensuring that coal 
is crushed to proper size. 

The collieries should supply the contracted 
size coal so that crushing at the station can be 
regulated; otherwise, if supplied with too much 
fines, station will not be in a position to avoid 
arching in the bunkers. Co-operation of colliery 
authorities is essential, and preferably, fines be¬ 
low 1/16" should not be supplied. 

1.4 Bunker fires : 

There is an attempt on the part of utility 
concerns to procure increasingly better quality 
of coal, sometimes even Gr. I or even selected 
Gr. for pulverised fuel (PF) installations design¬ 
ed to burn inferior coal in the hope of achiev¬ 
ing higher combustion stability. This invariably 
means high volatile matter (VM)—low ash coals 
at least in the Eastern Region. Such coals are 
susceptible to spontaneous combustion in the 
yard as well as in the bunkers. This trend of 
using higher grades of coal for pulverised fuel 
(PF) installations designed for low grade coal 
should be discouraged. Utility concerns should 
be won over to using the right type of coal for 
which the particular installation may have been 
designed. 

1.5 Coal Handling : 

Special attention is to be paid and proper 
equipments are to be installed in the coal hand¬ 
ling plant for dust suppression as the dust nui¬ 
sance poses a problem for good housekeeping and 
also the dust hinders the smooth operation of the 
equipment. 

2. Coal Mills: 

Type of mill system for different coals suit¬ 
able in the country needs investigation. 

2.1 In direct-fired installations outage of 
coal mill means either erosion of generating capa¬ 
city or standby availability, as the case may be. 
Hence particular attention must be paid to the 
choice of equipment for given service conditions. 


However, it has been the experience of D.V.C. 
that, irrespective of the type of mill used—whether 
suction type or pressure type—some control over 
the quality of coal, in respect, especially, of alpha- 
quartz is necessary. It has been established that 
erosion of the milling plant, burner, boiler pres¬ 
sure parts and fans, is very much associated with 
the amount of alphaquartz present in coal. Choice 
of coal, should therefore be such as to ensure 
nominal alphaquartz in the coal received by the 
station. 

2.2 The D.V.C. has recently entered into an 
agreement with the Central Fuel Research Insti¬ 
tute to develop means of economically and effec¬ 
tively isolating alpha-quartz from coal. Research 
in respect of the same has already been initiated 
by C.F.R.I. 

2.3 If a comparison is drawn regarding the 
performance of the two types of coal mills instal¬ 
led in D.V.C. Power Stations, namely, Raymond 
type suction and Ball type pressure mills, it will 
be seen that pressure mills have an edge over 
the suction type mills. This is mainly because 
of the fact that the primary air (PA) fans for 
the pressure mills handle clean air, while exhaus¬ 
ters for the suction mills have to handle pulveriz¬ 
ed coal and suffer heavy erosion in the process. 

2.4 However, for pressure mill installations, 
where primary air fans are used, generative type 
of air preheaters seem to offer hindrance as they 
tend to pass appreciable amounts to fly ash with 
the forced draft air. As a result, (he PA fans 
suffer erosion and get unbalanced during opera¬ 
tion. Recuperative type air preheaters would 
appear to be more suitable for such installations. 

2.5 The indigenous manufacture is so far 
confined to only the tubular air preheaters. 

3. Boilers: 

3.1 Mode of firing : 

D.V.C. has had the experience of using for 
many years all types of firing in pulverised fuel 
(PF) boilers. It has been operating from-fired 
boilers at Bokaro (Boilers 1, through 6), corner- 
fired boilers at CTPS (reheat Boilers 1, 2 and 3), 
downshot-fired boilers at Durgapur (Boilers 1 & 
2) and at Bokaro (Boiler 7) and downshot-fired 
boiler with double arch at Durgapur (reheat 
Boiler 3). The quality of coal generally speci¬ 
fied for pulverised fuel (PF). Installations in this 
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country, including that of middlings, closely ap¬ 
proximates Gr. Ill B or Gr. Ill A coal. Hence 
there cannot be much of variation in coal charac¬ 
teristics particularly in the Eastern Region so far 
as the proximate analysis goes. It is our consi¬ 
dered opinion that, based on operating statistics, 
downshot-fired boilers with double arch are ideal¬ 
ly suited for PF installations in our country, since 
the boiler installed at Durgapur Unit 3 has re¬ 
turned maximum operating stability over a period 
of 3 years of operation and, consequently, the 
availability factor has also been very high. Chan¬ 
ces of loss of ignition and consequent explosion in 
such installations are remote, if operated with 
due care and caution. Efficiency-wise, this boiler 
is well comparable with any of the other instal¬ 
lations. The burner design is simple and rugged, 
and the rate of erosion has been negligible dur¬ 
ing the period of study. 

3.2 Initial Firing 

This depends on the quality of oil/gas em¬ 
ployed. Some power stations have reported that 
light oil or kerosene would not give satisfactory 
results with high tension electrical spark. Natural 
gas has given satisfactory results in these cases. 

3.3 Flame Failure: 

This can occur due to choking of burners 
or insufficient supply of coal or due to feeding 
of inert matter with coal; and may even lead to 
furnace explosion. In addition, during low load 
operation, too sudden changes in loading, conse¬ 
quently in firing rates can cause flame failures. 

3.4 Furnace explosions: 

3.4.1 This trouble has. been experienced in 
some pulverized fuel fired boilers. The resultant 
damage to water walls, refractories and structu¬ 
ral can be very extensive, leading to prolonged 
shut-downs for repairs at heavy costs. The boiler 
outage due to this in one case, for example, has 
been 4,700 hours. 

3.4.2 The physics of furnace explosion is 
rather intricate. Normally, the fuel injected into 
the boiler furnace does not reach beyond the 
space occupied by the flame. The fuel is burnt 
up almost completely within the flame. In case 
of flame failure, a large volume of boiler furnace 
gets charged with fuel dust in suspension. This 
burns explosively when ignited spontaneously or 


otherwise. The question of flame going out 
arises only at low loads. Under these circumstan¬ 
ces, a supporting oil flame is usually provided. 
Sometimes, however, the trouble with the flame 
going Out has been experienced at loads as high 
as 70% when the fuel got mixed up with inert 
material in coal-yard, and no oil support is pre¬ 
sent. 

3.4.3. One solution has been to use oil sup¬ 
port at all loads. But this is a costly proposition. 
The operation of the power system in a manner 
such that the thermal generating units are not 
required to operate at low loads or fluctuating 
loads can completely eliminate the danger of fur¬ 
nace explosions and also minimise the need for 
costly oil support. 

3.4.4 In case of oil and gas fired stations, 
furnace explosions may result from inadvertant 
admission of fuel before starting or after shut¬ 
down of the boiler and by spontaneous combus¬ 
tion or normal light off. Positive shut off valves 
for fuel control and thorough purging of furnace 
before and after shutting down the boiler are 
essential. 

3.5 Slag formation : 

This is a serious problem which may cause 
curtailment of generating capacity or even com¬ 
plete forced shut-down. Usual reasons for this 
are.-'— 

(i) Change in the quality of coal from that 
specified; 

(ii) Defective design of burners; 

(iii) High furnace heat release leading to 
very high temperature. This is often 
due to use of a higher grade coal than 
specified. In one case, the furnace tem¬ 
perature reached 1600°C, whereas the 
ash melting point was about 1400°C. 

Apart from proper care in operation and 
maintenance, the following remedial measures 
may be useful: — 

(i) Increase in the fineness of the pulveris¬ 
ed fuel. 

(ii) Adjustment of burner velocity and 
direction; 

(iii) Effective soot blowing-use of water 
blowers in the furnace; 
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(iv) Use of excess air (This should not, how¬ 
ever, be so ihuch as to affect the effi¬ 
ciency of the boiler). 

(v) Reducing the output of the boiler. 

3.6 Fly ash erosion: 

3.6.1 Tube failures due to fly ash erosion are 
not infrequent in pulverised fuel (PF) boilers. 
But these could be minimised to a large extent 
by judicious selection of gas velocities on the 
one hand, and by incorporating baffle plates or 
shields on the other at suitable locations in the 
boiler second pass, especially on the rear side, 
with a view to protecting tubes from the erosive 
effects” of fly ash. However, location of shields 
would depend on actual observation of erosion. 

3.6.2 In order to protect the induced draft 
fans, installation of electrostatic precipitators in 
all pulverised coal fired units is imperative. The 
dust collecting plant should be such as to operate 
at an efficiency of no less than 96 to 97%. In 
one of the DVC. installations, where such a high 
efficiency could be achieved, none of the two ID 
fans installed needed any attention in 3 years, 
whereas in another installation, where no electro¬ 
static precipitator has been provided and the effi¬ 
ciency of which is comparatively much lower, 
each of the 2 ID fans needed maintenance and 
balancing once every two months for the first 
8000 hours of operation, once every month for 
the next 4000 hours of operation and once every 
15 days for the next 6000 hours of operation. 
Ultimately, the ID fan impellers lost their aero¬ 
foil design characteristics due to constant rebuild¬ 
ing and were severely derated. 

3.6.3 The aerofoil design ID fan impellers 
lose capacity rapidly due to wear. As such, for 
Indian coals the backward vane type or the. axial 
fans are better suited. One problem that may 
occur with axial fans is that at very low loads 
(30%) it may be necessary to run only one set 
of fans as the fan characteristics are such that 
the two fans cannot be made to share the load 
equally. 

3.6.4 In case of dual fired boilers (oil and 
coal) mechanical and electrostatic precipitators 
should be oversized by 15 to 20% as otherwise 
there will be frequent load restriction resulting 
from clogging and for subsequent cleaning. 


3.7 Internal conditioning: 

The importance of close control of internal 
conditioning of steam—condensate—feed—water 
—boiler water cycle, for high pressure—high 
temperature installations can hardly be over-em¬ 
phasised. If proper conditioning is ensured, in¬ 
ternal corrosion and consequent failure can al¬ 
most be totally eliminated. Acid cleaning of 
boilers once every 3 to 4 years of operation might 
also be additionally helpful, depending upon the 
mode of treatment being! followed. Qualified 
experts in the line should be entrusted with the 
task of maintaining a vigilant eye on internal 
conditioning of the entire cycle. Plant opera¬ 
tives should also be trained to realise and ap¬ 
preciate the importance of the same so that they 
may follow recommendations in earnest in res¬ 
pect of feeding conditioning chemicals and sam¬ 
pling- 

3.8 Gland and flange leakages: 

In high pressure installations gland and flang 
leakages account for several outages. Unfor¬ 
tunately, indigenous development of suitable qua¬ 
lity of packing materials and flang gaskets for 
high pressure-high temperature application has 
not yet been very encouraging. Manufacturers 
should endeavour to develop suitable materials 
in collaboration with Scientific Research Institu¬ 
tes. This is not a very difficult problem, but is 
of vital importance to the thermal stations for 
reduction in outage period. 

3.9. Leakage of boiler pressure parts: 

Leakage of tubes is one of the most com¬ 
mon occurrences. A serious case of leakage was 
reported on the convection tubes where the fit¬ 
ting had been done by rolling the end of the tube. 
This type of failure is We to inadequate rolling 
of the tubes and thermal stresses during frequent 
trippings from full load. Improved rolling of 
the tubes seems to be the only solution and some 
electronic apparatus is also now available for this 
purpose. 

Leakages may also result from overheating 
due to the insufficient heating surface or insuffi¬ 
cient flow at low loads (startups). Provision of 
additional heating surface or proper operating 
instructions to maintain a minimum flow to ensure 
adequate flow or modifications to the configura¬ 
tion may become necessary. 
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3.10. Problems in Stoker Fired Boilers: 

Majority of installations below 30 MW (i.e. 
Group 1) have been provided with stoker fired 
boilers. A number of installations of 30 MW also 
are equipped with a stoker; examples are 3x30 
MW at Khaperkheda, 1 x 30 MW at Paras and 
2x30 MW at Harduaganj which are provided 
with spreader stoker fired boilers. The most 
important feature of stoker-fired units is their 
sensitiveness to the size (sieve analysis) of the 
coal being used, the air distribution in the bed 
getting affected if the fines excjeed stipulated 
percentage. With the run of mine coals supplied 
to such boilers, difficulty is generally experienc¬ 
ed in fulfilling the combustion requirement. 
The proper admission of air at various zones of 
combustion in a stoker-fired boiler is of vital im¬ 
portance to minimise losses. The burn-out may 
be hampered by a molten mass in a reduction 
zone in the bed. 

With ordinary stokers, maintenance of a 
heated arch is essential to effect satisfactory igni¬ 
tion. With speader stokers such fine arches are 
not needed. It is usual to have about 35% sus¬ 
pension burning in spreader stoker and that rest 
on the coal bed. Stationary grates for small 
boilers are adopted (1 MW units), the large ones 
having stokers in continuous movement from 
front to back or vice-versa. In one particular 
installation, the design of the stoker proved high¬ 
ly inadtequlate to complete the combustion of 
the coal presumably the length of travel being 
insufficient to effect the complete burn-out of the 
coal. In another installation, trouble was expe¬ 
rienced with the coal feeder coupling. 

Other features of the plant which usually 
cause embarrassment in operation with speader 
stockers are jamming of feeders and improper 
distribution of coal, leading to increased unburn! 
carbon loss. The boilers with spreader stockers 
tend to suffer from high loss as in most cases a 
grit re-firing system is introduced'. This leads 
to erosion of tubes. 

4. Deterioration of the Efficiency of Electro¬ 
static Precipitator (Dust Collector): 

This causes serious damage to the ID fans 
and also creates problems of air pollution. The 
causes may be (i) inadequate “treatment” time; 


(ii) ash of higher resistivity; (iii) insufficient 
sparking voltage; (iv) insufficient cleaning of the 
electrodes; and (v) inadequate area of electrodes. 

The remedy for the existing installations is 
to add on a further section of precipitator. As 
a temporary measure, steam or water injection 
can be tried at the inlet of precipitator for de¬ 
creasing the resistivity of the ash. 

For new installations, it is important to 
match the precipitator design to the correct spe¬ 
cifications of the fuel to be used 

5. Turbine-generator; 

5.1 Once tuned and run in, this piece of 
equipment should not cause trouble in a power 
plant provided its operation is safe in the hands 
of trained and experienced personnel. However, 
oil leakages from turbine oil lines have accounted 
for several outages, and in two particular in¬ 
stances, the leakage oil started huge conflagration 
and caused heavy damage to the plant and equip¬ 
ment in a D.V.C. power station. In order to 
guard against this, it is essential that all turbine 
generator oil lines run through guard pipes. 
Indigenous manufacturers should incorporate such 
piping system as a standard. design feature, as 
has been done by a wellknown US Manufacturer. 
Alternatively, the station designer must ensure 
meticulously that the oil fines do not run near 
the hot steam lines anywhere. Research should 
also be directed to find fire proof lubricating oil 
for turbo-generators, 

5.2 Failure of the governing system and/or 
turbine stop and control valves is also reported 
by several power stations. Heavy wear of the 
exciter commutator has also been reported, lead¬ 
ing to the necessity of regrinding. These are 
mostly caused by dust infiltration. Here again 
the importance of maintaining the milling plant 
in a condition that permits no coal dust leakages 
assumes particular significance. However, the 
turbine room should preferably be isolated from 
the boiler room so that no dust nuisance can take 
place in the turbine room. 

5.3 Malfunctioning of the governing system 
due to seizure of cam shaft bearings has also been 
reported from some stations, offering the reason 
as failure of the lubricant to withstand high tem¬ 
perature conditions and drying up in the process. 
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Molykote grease might be used in such cases with 
adequate precaution to ensure that no dust nui¬ 
sance takes place in the turbine area. 

5.4 Chattering of control valves is also re¬ 
ported to have been causing disruption in ope¬ 
rating turbogenerator units to capacity or sche¬ 
dule. This is a matter that needs to be referred 
to the manufacturers for their advice as tne con¬ 
structional features can only dictate how best the 
problem could be resolved. 

5.5 Turbine Blade Deposits : 

These are caused by a number of factors such 
as inadequate treatment of the boiler make-up 
water and progressive concentration of the dis¬ 
solved contents in the water. However, well run 
power stations with control of quality of water 
should not have such difficulties. The presence 
of deposits is indicated by an increase of stage 
pressures. 

Most of the power stations remove these de¬ 
posits by fly ash blasting, using indigenously 
manufactured equipment. During operation, many 
power stations employ ‘washing’ of the turbine at 
few days intervals and avoid outages. This is 
done by bringing the steam temperature down 
to within 20°C of the saturation temperature by 
hand control and then reverting to the normal 
superheat temperature in a matter of 4 hours 
each way. 

6. Condenser and Circulating Water System : 

6.1 Whether or not the circulating water 
flow is once through or recirculating through 
cooling towers, shock chlorination for about 30 
minutes in every 8 to 24 hours, according to 
necessity, is imperative so that no slimy deposition 
in condenser tubes may take place. Once algae 
is allowed to grow, the condenser tubes get foul¬ 
ed and cooling efficiency decreases proportionate¬ 
ly with the result that turbine back pressure goes 
up and the thermal efficiency drops rapidly. The 
machine may not even be able to take full load 
after a certain period. Moreover, with every 
shut-down, the algae present in tubes gives rise 
to a phenomenon commonly known as differen¬ 
tial aeration, and tubes suffer corrosion. Unless, 
therefore, one is reasonably certain that the cir¬ 
culating water is free from algae and that no 
slimy deposit exists in the condenser tubes, at 
least one circulating water pump should be kept 


running even in a standby or shutdown unit. In 
cooling tower installations, where the water might 
contain excessive mineral salts, prevention of 
scaling in tubes is another aspect that needs pro¬ 
per attention, Dosing of lime and phosphate as¬ 
sumes special significance in this context. 

6.2 In order to keep condenser tubes clean 
and to keep the tube inlets free from barnacles 
etc., suitable back wash arrangements should be 
provided so that the tubes can be kept clean 
while in operation without resorting to isolating 
one section thereby restricting the availability of 
the unit. 

6.3 The air cooler section of condensers 
should preferably be made of stainless steel tubes 
so as to guard against ammonia corrosion, the 
source of ammonia being such conditioning che¬ 
micals as hydrozine, morpholine, monocyclohexy- 
lamine, etc. For the same reason, the ejector after 
condenser drain should be run continuously to 
waste rather than back to the condenser. Stain¬ 
less steel tubes may not sometimes be satisfac¬ 
tory in salt water operation. 

7. Boiler Feed Pumps: 

Failure of boiler feed pumps on account of 
substandard materials used in construction has 
been reported from several power stations. The 
pump impeller and volute chambers have to be 
of stainless steel in difficult cases although this 
is rather expensive. Pumps should also have 
mechanical bearings in addition to balancing 
drums. They should also have shaft mounted oil 
pumps to take over the lubrication from stand 
by motor-operated pump during operation so that 
no damage to bearings can take place in the event 
of total power failure. Alternatively; emergency 
pumps drivers from DC supply are also some¬ 
times employed. 

8 . Feed Water Heaters: 

Persistant leakage of high pressure feed water 
heater tubes has caused erosion of generating 
capacity in some installations due to problems of 
high superheat temperatures in the boiler. Metal¬ 
lurgy of heater tubes merit special consi¬ 
deration in such cases. Moreover, under 
hot start-up conditions, high pressure heaters 
should only be commissioned into service after 
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matching inlet water temperature with shell tem¬ 
perature obtaining at any instant. 

9. Compressed air: 

Compressed air is used in many Power 
Stations to work the control system in some cases 
and provide the motivating force for diaphragm 
—operated valves and instrument control drives. 
This air has to be necessarily free from oil, dirt 
and moisture. Dependable oil-less compressors 
are, therefore, needed to be developed in the 
country. Dust nuisance in pulverised fuel (PF) 
installations is a common feature. With a view 
to prevent ingress of dust, all compressors should 
be installed separately in a room away from the 
power station proper, so that they are enabled 
to draw clean air. Suitable air driers in the cir¬ 
cuit should be provided to remove moisture from 
the air. M/s. Ingersoll Rand and M/s. Kirloskar 
Pneumatic Co. are already making compressors, 
suitable for this purpose (Teflon or Graphite ring) 
in the country. 

10. Ash handling system: 

Dependability and efficiency of the ash handl¬ 
ing system should be such as to effect proper 
removal of fly ash and bottom ash from the boil¬ 
ers at suitable intervals. Without constant care 
and attention, this system can develop into a bot¬ 
tleneck. 

11. Water Treatment and Demineralisation : 

11.1 Malfunctioning of the clarifier, getting 
choked with precipitated CaCo 3 and unreacted 
lime, has caused total outage of generating units 
as the clarifier cannot otherwise be cleared of 
the precipitates. Such problems might best be 
referred 1 to water conditioning experts to advise 
on proper dosage of pre-treatment chemicals and 
the mode of getting rid of the heavy sludge 
without having to take recourse to total shut¬ 
down. 

11.2 Fouling of ion-exchange resin and its 
degradation is another aspect that requires spe¬ 
cial safeguard. Wherever ion-exchangers are in¬ 
stalled to process raw water, aeration towers 
should be set up with a view to facilitate removal 
of as much iron from raw water as possible so 
that the ion-exchanger zeolites do not get coated 
with oxides of iron. 

12. General cleanliness: 

It is apparent from the foregoing that dust 
nuisance and a polluted atmosphere in a Power 


Station could spell ruin for the equipment and 
the instrumentation system as a whole. Hence 
special vigilance in all power stations is required 
in order to prevent atmospheric pollution by coal 
dust and fly ash. 

13. Quality of coal: 

With the objective of conserving metallur¬ 
gical coal, the national policy has been to induce 
the utility concerns, having pulverised fuel (PF) 
installations, to use inferior coals. Power stations 
tied to washeries have perforce to use the washery 
by-products with an ash content of as high as 
45%. This policy has led to very heavy wear 
and tear of the boiler installations, leading to 
frequent outages, particularly in the absence of 
any effective means of regulating the abrasive 
characteristics of coal and ash. This is consider¬ 
ed at length in a separate section. 

14. Power stations required to operate at a 
low load factor often experience reduced plant 
availability due to operation at low loads. This 
position will of course improve when intercon¬ 
nections of power stations are more effective. 
However, stations that are expected to remain 
isolated and obliged to run on very low load 
factor might consider going in for interconnect¬ 
ed boilers to facilitate shutting down one or two 
boilers in the night without having to take turbo¬ 
generator units out of service. 

15. Adequate capacity diesel set (or other 
source of standby power) with provisions to cut 
in the set automatically in case of a total power 
failure in the station must be provided. This is 
required for running the essential auxiliaries like 
turning gear motor, oil pump for the turbine etc. 

16. Adequate D.C. power should be made 
available by the battery set for running some es¬ 
sential auxiliaries like emergency bearing oil 
pump for turbine and seal oil pumps and emer¬ 
gency lighting. 

17. The thermal power station handles high 
combustion materials—fuel, lubricants etc. Ade¬ 
quate suitable fire fighting equipment should be 
installed at various locations in the plant and 
the personnel should be well trained in handling 
different fire fighting equipment. In addition, 
well equipped and well trained fire fighting squads 
should be maintained. 
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SECTION 17 


MAINTENANCE AND REPAIR FACILITIES 
IN STEAM POWER STATIONS 


1. Considerations in layout: 

t.l In developing a layout of a power station 
adequate thought has to be given to the main¬ 
tenance of plant and equipment installed therein. 
The layout itself can incorporate features which 
facilitate use of minimum number of lifting faci¬ 
lities and reduction of man-hours required for 
lifting plant and equipment and transporting the 
same if necessary to repair shops which are to 
be located within the power station area. For 
example, it is geneial practice to provide an elec¬ 
trically operated overhead crane in the tuvbine 
house to facilitate maintenance of the turbo gene¬ 
rator sets. The same crane can be used for main¬ 
tenance of number of items of equipment located 
below the turbo generator operating floor level 
as for instance oil pumps, oil coolers conden¬ 
sate pumps etc. This can be achieved by having 
openings in the operating floor level and locating 
the relevant equipment at basement so as to 
be within easy reach of the E.O.T. crane. From 
the above point of view a layout which provides 
for installation of vertical feed heaters in the tur¬ 
bine room area and boiler feed pumps also in the 
turbine room basement appears to be the sim¬ 
plest so far as the maintenance of these equip¬ 
ment is concerned as the E.O.T. crane of the 
turbine house can be used. 

1.2 It is good practice to have a railway 
siding into the power plant premises to facilitate 
receipt and handling of the equipment parts. 
Usually a railway siding is extended into the 
turbine house so that the E.O.T. crane in the 
turbine house can be used to unload equipment 
from railway wagons. 

1.3 In laying out the plant in the turbine 
house and other areas particular attention is given 


to space required for placing bulky and heavy 
components such as cover of the high pressure 
cylinders, cover of the low pressure cylinder, 
high pressure rotor, low pressure rotor, rotor 
balancing machine, bearing covers, generator 
rotor etc. Some of the parts of the turbine could 
be laid directly on the foundation of the turbine. 
These are generator end covers, barring gear, 
high pressure cylinder diaphrams, etc. 

For maintenance of transformers one or two 
bays are provided at one end of the turbine house. 

1.4 Platforms are provided at regions which 
are not easily accessible to give access for pipe¬ 
line maintenance and repair. 

1.5 For maintenance of various other equip¬ 
ment, most convenient facility is to provide mono- 
rails of adequate capacity located at various 
points. The layout has to take care of any latches 
required for lowering of equipment from higher 
floors and in case lift is provided the layout will 
have to facilitate transporting of equipment to 
the lift. 

2. General guidelines in regard to provision 
of usual maintenance facilities for various regions 
in a thermal power,plant are given below : 

2.1 Turbine home: 

(1) The turbine house should be equipped 
with an electric overhead travelling crane for 
handling the equipment for unloading incoming 
heavy packages during construction. 

(2) For equipment falling outside the reach 
of the E.O.T. crane local lifting devices should 
be provided. 



(3) If the turbine house is having a base¬ 
ment, provision is made for latches in the operat¬ 
ing floor level to facilitate access to the E.O.T. 
crane or other local lifting devices to the equip¬ 
ment situated in the basement. 

(4) Provision for railway siding entry into 
the turbine house of one or both ends should be 
made. The length of the siding being such as to 
facilitate unloading by the E.O.T. crane. 

2.2 (1) Service platforms around and bet¬ 
ween the boilers should be provided. 

(2) Railway siding should be extended to 
facilitate handling of heavy equipment assem¬ 
blies. 

(3) Access should be provided for the mobile 
crane to handle assemblies of equipment such as 
gas heater, economisers etc. 

(4) Monorails with pully-blocks of adequate 
capacity should be provided for handling of other 
equipment such as primary air fans, mill fans, 
mills, etc. 

(5) A passenger-cum-goods lift should be 
provided in the boiler house. 

2.3 Coal handling Plant: 

(1) Monorails with hand-operated pully- 
blocks should be provided for the maintenance 
of equipment in crusher house, any transfer points 
where drive heads of conveyors are installed. 

(2) Conveyor galleries and trestles are pro¬ 
vided with equipment with openings and devices 
used for repair required for replacing and un¬ 
winding belts. 

2.4 Fuel Oil facilities : 

(1) In the fuel oil pump house provision is 
made for monorails with hand operated pully- 
blocks. 

(2) Plant and equipment located outdoor 
should be maintained using mobile cranes. 

2.5 Pump House: 

(1) Electric overhead cranes are provided for 
repair of CW pumps installed in separate pump 
house. 
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(2) Lifting tackles are provided for repairing 
drain pumps and other minor pumps. 

(3) For maintenance of screens and gates in 
intake structures, crane girders are provided. 

2.6 Instruments and Controls: 

(1) For repair of instruments and control 
devices laboratories equipped with the following 
sections should be constructed: 

(a) Pyrometry and gas analysers. 

(b) Instruments for measuring pressures. 

fc) Electronic devices. 

(d) Devices for automation and safety. 

(e) Precision shop. 

(f) Mechanical Lab. 

^g) Electrical Lab. 

(2) All the above laboratories should be 
located in a building known as auxiliary building 
situated close to the main building and provided 
with easy access from the main building. 

(3) Transportation of instruments between 
the laboratory and the places of installation of 
instruments should be by special trolleys. 

(4) Minor repairs to instruments should be 
provided at specific service points in the main 
building. 

2.7 Electrical Equipment: 

(1) Step up transformers, unit transformers 
and station transformers should be repaired in 
the service bay provided in the turbine house, 
in case the outdoor yard is located in the imme¬ 
diate vicinity of the main building. 

(2) In case the outdoor yard is located at a 
greater distance from the main building then the 
transformers are repaired in the transformer re¬ 
pair shop. 

(3) To facilitate handling of transformer oils, 
oil pipes should be laid up to the transformer 
and to the points where they are to be repaired. 

(4) For inspection and repair of busbars, 
string and post insulators and various assemblies 
of transformer equipment, a provision should be 
made for telescopic ladder or for collapsible scaf¬ 
folds. 
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2.8 Outdoor Yard: 

(1) Provision is made for access to outdoor 
yard by mobile cranes, fork lift tractors, teles¬ 
copic towers, mobile ladder tractors, etc. 

(2) RC cable channels or pipelines in the 
switchyard should be laid out in such a way as 
not to hinder passage of mobile cranes etc. men¬ 
tioned above. 

3. Repair Shops; 

3.1 In order to carry out repair work in 
power station provision should be made for a 
central repair shop which should be located in 
the combined auxiliaries building. 

3.2 Provision should be made for the fol¬ 
lowing shops: — 

(a) M/C Shop: equipped with lathes, bor¬ 
ing and drilling machines, shaping 
machines, slotting machine, grinders, 
milling machines, etc., for carrying out 
various machining operations. 

(b) Electrical repair shop: equipped with 
with lathes, drilling machine, electrical 
furnace, M/C for static balancing of 
motors and heavy duty filters vice. 

(c) Fitting shop: equipped with fitters vice, 
drilling M / cs, grinders, lapping machines 
hydraulic presses etc., for carrying out 
various fitting jobs. 


(d) Carpentry shop: equipped with plaining 
machine, circular saw, wood turning 
lathes etc. 

(e) Welding shop: for carrying out various 
welding operations, electric welding 
equipment, grinders and drilling 
machines etc. are provided. 

(0 Smithy shop: equipped with smith’s 
furnace, electric furnace for heat treat¬ 
ment, pneumatic hammer, blower, etc. 

4.1 A central layout of acetylene, oxygen, 
compressed air, electric welding current lines 
should be provided for the main building, chemi¬ 
cal water treatment plant, receiving bunker de¬ 
vice. 

4.2 Electric welding distribution centres to 
connect electric welding machines should be 
located in the turbine room for welding works 
for the turbine and its accessories. Socket out¬ 
lets for low voltage lighting should be provided 
on the operation platforms. 

4.3 Compressed air line in the turbine room 
should be laid to the turbine generator, feed 
pumps and' other equipment. 

4.4 Laying of power lines is required for all 
the operation levels of each unit in the boiler 
house and in the bunker-deaerator bay consider¬ 
ing maintenance of equipment and for the most 
remote places during repairs of equipment. 
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‘ In a thermal power plant, instrumenta¬ 
tion plays a most important and vital role, on 
which depends the efficiency, availability, secu¬ 
rity and safety of a power plant. With the growth 
of power demand, bigger units are being instal¬ 
led and it is very essential that these units must 
run very efficiently and economically. The out¬ 
age of a large unit will upset the system and the 
indirect losses, due to interrupton of power, to 
the industries may be heavy. It is, therefore 
essential that the generating units must run 
smoothly and uninterruptedly. To achieve this, 
it is very essential that the controls and instru¬ 
ments must be very well planned, efficient and 
reliable. Currently, when we are having grids 
and super-grids, where many power stations are 
tied up, it is necessary that the controls and in¬ 
struments should not only be efficient and relia¬ 
ble, but should also be fast operating. This sub¬ 
ject, therefore, needs adequate attention. 

2. There has been phenomenal development 
in the field of instrumentation technology both foi 
boiler control and operation, turbo-generator 
control and operation and for electrical instru¬ 
mentation and metering. For safe operation, the 
boilers are provided with feed water controls, in¬ 
dications of chemical concentrations and conduc¬ 
tivity of water and coal mill temperature apart 
from various boiler safety and interlock devices. 
The turbines are provided with supervisory con¬ 
trols consisting of records of vibration, eccentri¬ 
city, differential expansion speed and tempera¬ 
ture indications of turbine, casing and Turbo 
Generator bearings. Also, there are various level 
controls installed in the feed heaters, deaerator, 
condensate hot-well and other tanks supplying 
make-up and cooling water. For efficiency, the 
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boiler is provided with combustion control which 
regulates feed of coal, forced and' induced drafts 
according to the load requirements and also 
maintains steam and air ratio to give the best 
boiler efficiency. They are also provided with 
steam pressure and temperature regulation to 
enable the plant run at the designed steam para¬ 
meters which condition is very essential to get 
the most economical generation. There are also 
indications and records of steam pressure tem¬ 
peratures at the inlet and outlet of heat exchang¬ 
ers and gas and air temperature at various points 
of gas passage in boiler to air preheater and eco¬ 
nomiser. All these indications are utilised for 
calculation of heat balance and at the same time 
monitoring the internal conditions of the appara¬ 
tus. Some of the power stations are also pro¬ 
vided with multipoint bearing, temperature re¬ 
corders for monitoring the bearing temperatures. 
Annunciations are provided to warn the opera¬ 
tors in the control room when the limits of tem¬ 
peratures and levels in heaters and tanks have 
been exceeded to enable them to take timely ac¬ 
tion to save the machines from undergoing out¬ 
age or from the damage. 

3. To maintain the instruments, controls and 
relays in satisfactory working condition, it is very 
essential to have a well equipped laboratory with 
different substandard equipments so that the in¬ 
struments, relays, etc., could be tested to main¬ 
tain the proper accuracy. The instruments have 
to be thoroughly tested before installation and 
also have to be checked from time to time dur¬ 
ing operation so that chances of mal-operation 
of instruments and relays are minimised. In the 
laboratory, there should also be spare tested re¬ 
lays and some important instruments so that in 
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case of necessity the tested equipment could be 
installed without any loss of time. In a modern 
power station, all the operations are controlled 
by the instruments and it is very essential to have 
good and well experienced laboratory staff and 
technicians for preventive maintenance as well as 
special repairs. It is essential that substantial 
efforts are made to have properly trained instru¬ 
ment engineers, as a very slight extra expendi¬ 
ture on this account pays very rich dividends by 
way of safety of expensive equipment and eco¬ 
nomy in running expenses as a result of efficient 
operation of the plant. Since there are quite a 
large number of control instruments and relays 
in a power station, a small good workshop is al¬ 
so essentially needed for taking up the repair of 
the instruments and relays. 


4. It has often been observed that sophi¬ 
sticated instrumentation is provided in the station 
designs but that this is either not fully installed 
due to various reasons of expediency or not fully 
utilised for want of proper maintenance. It has 
been the experience that most of the power 
station troubles and failures can be traced to parts 
of the instrumentation system being out of com¬ 
mission. It is, therefore, important that power 
stations should not work without properly func¬ 
tioning instruments in all the sub-systems. Special 
instrumentation cells and well-equipped instru¬ 
ment laboratories should be put up in each large 
power station as well as for the power system as 
such. The instrumentation cell should be man¬ 
ned with the specially trained and 1 experienced 
staff and no obstracle should be placed in the pro¬ 
curement of spare parts for the instrumentation 
and controls already working in the power 
station. 


120 



Report of Study Group 


'i 


1. According to the Boilers Act, the boilers 
are required to be shut down for overhaul and 
inspection at least once in a year. This is a 
factor unnecessarily limiting the availability of 
large and costly modern boiler installations. Nece¬ 
ssary modification of this will improve the avail¬ 
ability of boiler plant leading to more economi¬ 
cal operation. The boiler regulations were origi¬ 
nally designed to deal with smaller boilers, spe¬ 
cially of the Lancashire type used in small pro¬ 
cess, industries and vertical type in thd coal mines. 
The operation of these boilers was invariably 
manual and left to staff without the recnnical 
background which is possessed by those in charge 
of the modern power stations. The boilers used 
to be fed with water which was available and 
without regard to its quality such waters could 
leave sufficient scales on the boiler surfaces to 
cause accident due to overheating of plants. Main¬ 
tenance of water level was neither automatic nor 
fool proof, which under certain conditions could 
and did result in explosion of pressure parts and 
danger to human life. Therefore, the statutory 
laws were promulgated for the safety of the fire 
attendants and people working in the near pre¬ 
mises. The modern boilers cannot work under 
such conditions. Before there is even a remotest 
chance of pressure part explosion, there will be 
a tube failure. The tube failure acts as a built- 
in safeguard and 1 a compulsive factor to keep the 
boiler in a tip-top condition. Therefore, so far 
as the statutory requirement to ensure the safety 
aspect by subjecting a modern boiler to annual 
overhaul and inspection is concerned, it is a 
hang over of the past. Earlier it is modified to 
suit the modern conditions, better it would be 
for the economy of the Electricity Undertakings. 
It is our suggestion that the period for inspection 
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is extended to 2 years. Besides, it is also statu¬ 
torily required to subject a boiler to a hydrostatic 
test before the inspector in case of failure of a 
tube or work on any pressure part. Since due 
to limitation on the time of the inspectors who 
have a very wide jurisdiction, it is not easy to 
get them on a short notice as a result of which 
unplanned outage time gets prolonged. Also 
as a result of this difficulty, hydrostatic test is 
carried out twice, once to make sure that the 
boiler stands the hydrostatic pressure before the 
inspector comes and the other time after the in¬ 
spector comes. With big units, any prolonga¬ 
tion of outage means a lot of financial loss to 
the Electricity Boards and inconvenience to the 
consumers due to resulting power shortage. It 
is suggested that statutory provisions should be 
waived for between the annual or the suggested 
biennial inspections. The Power Station Engi¬ 
neers are of sufficiently high calibre to be left 
with the responsibility of care of the boilers and 
their safe operation. Boiler Inspector has to play 
an important role during the construction stages 
and for initial certification of boilers before com¬ 
mencement of operation. 

2. There is further a feeling among leading 
technologists that the hydrostatic test of boilers 
during the annual or the suggested 1 biennial in¬ 
spection need only be at the operating pressure 
and only once in four years need the boiler be 
subjected to 1.25 times the working pressure. 
This needs consideration of the Central Boilers 
Board. In this connection, it may be mentioned 
that the test pressure to which fusion welded 
boilers have to be subjected has been reduced 
from 1-5 times the working pressure to 1-25 
times the working pressure. Therefore, in any 
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case, subjecting the boiler to 1 ■ 25 times the 
working pressure during biennial inspection should 
be quite in order. The question of further ^re¬ 
laxation, however, needs serious consideration. 

3. Modifications in Indian Boiler Regulations in 
the light of modem technological advances: 

The Central Boilers Board reviews the Indian 
Boiler Regulations from time to time and has 
been making a number of relaxations in specific 
cases so that the Indian Boiler Regulations (IBR) 
do not come in the way of adoption of modern 
technological advances. The census of installa¬ 
tions of large steam power plants in recent years, 
presented in Section 3, shows that a definite trend 
has been established in installations of large 
pulverised fuel fired reheat generating units. The 
manufacturing technology to be adopted in this 
country for such units is also fairly well defined 
by now. It is, therefore, recommended that the 
Central Boilers Board may incorporate suitable 
amendments in the IBR to take into account the 
modem technological advances which are already 
being adopted as a standard practice. The main 
points of this nature are given below. It may 
be mentioned that these have already been ap¬ 
proved by the Central Boilers Board in specific 
cases. 

3.1 Use of Alloy Steels and Austenitic Mate¬ 
rials for high pressure, high temperature plants : 

The IBR provisions should cover the chemi¬ 
cal composition, allowable working stresses, heat 
treatment, extent of radiography etc. for the use 
of alloy steels and austenitic materials. The 
material specifications of ASME/ASTM may be 
helpful in this connection. 

3.2 Feed Regulating Valve : 

The IBR (Regulation 336) requires that the 
feed regulating valve shall be so arranged as to 
enable it to be satisfactorily operated from the 
boiler floor. With the advent of hydraulic coup¬ 
lings (the controls for which are located in the 
Central Control Room for automatic or remote 
manual control of feed supply) there is no more 
any functional necessity for the feed regulating 
valves where such hydraulic couplings aie pro¬ 
vided. 

3.3 Boiler Feed Discharge Piping: 

The IBR (Regulation 520) states that the 
feed piping shall be designed, for the maximum 


pressure which can be generated by the boiler 
feed pumps unless special provision is made to 
prevent the pressure being communicated to the 
pipe line. 

3.3.1. In certain cases. Technical Adviser, 
Central Boilers Board has agreed that use of hy¬ 
draulic couplings for the pump may be treated as 
“a special provision to limit the pressure on boiler 
feed discharge piping to the design pressure at 
maximum flow”. This enables economies in pip¬ 
ing designs. This could be made the recognized 
practice. 

3.3.2 It may further be pointed out that the 
boiler feed pump working against shut off cannot 
be expected to occur in normal operation. In 
other countries, the standard codes have a special 
provision for occasional increases of short dura¬ 
tion in both pressures and temperatures beyond 
the nominal design values. The ASME (American 
Society of Mechanical Engineers) Boiler Code for 
example provides in Para P-23 (f): 

“Either pressure or temperature, or both, 
may exceed the design values if the stress 
in the pipe wall calculated by the formulae 
using the maximum expected pressure dur¬ 
ing the variation does not exceed the S-value 
allowable for the maximum expected tempe¬ 
rature during the variation by more than the 
following allowances for the periods of dura¬ 
tion indicated: 

(1) Upto 15 per cent increase above the 
S-value during 10 per cent of the opera¬ 
ting period; 

(2) Upto 20 per cent of the S-value during 
1 per cent of the operating period.” 

Such a provision in the IBR would lead to con¬ 
siderable economies in the boiler feed discharge 
piping. 

3.4 Annual Hydraulic test of steam lines: 
The IBR (Regulation 377) requires that 
every boiler shall be hydraulically tested annual¬ 
ly. This provision would require an annual hy¬ 
draulic test for the cold and hot reheat lines also 
in the case of modern reheat units. The boiler 
outage overhaul time can be substantially reduc¬ 
ed if such: test is not required on the steam lines 
as reheater belongs to an entirely separate hy¬ 
draulic circuit. In certain cases, ruling has al¬ 
ready been given that no steam pipes, hot or 
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Cold, reheat or main steam, need be subjected to 
any annual hydraulic test. 

3.5 Boiler Headers: 

The IBR (Regulation 245) states that all 
headers and similar pressure parts shall be of 
forged steel, seamless steel pipes or of cast steel. 
The standard practice of some leading manufac¬ 
turers is, however, to use fabricated headers and 
it is, therefore, necessary to permit headers fabri¬ 
cated from plates by welding to be used. They 
should, of course, be required to comply with the 
provisions of IBR for cylindrical shells. 

4. List of Recognised Inspectors: 

The IBR (Appendix C) gives list of recog¬ 
nised Inspectors who can inspect and certify 
manufacture of equipment falling under IBR as 
complying with its regulation. This list includes 
certain Chief Inspectors of Boilers of various 
States who can inspect and certify boilers during 
manufacture but it has not been clarified whether 
it is mandatory that such inspection be carried 


out by the Boiler Inspectorate of the State where 
the manufacturers’ works are located. This is 
likely to create confusion, particularly, since it is 
not clear as to who will inspect and certify com¬ 
pliance with IBR of pressure piping, valves, tur¬ 
bine casing, etc. 

5. List of Recognised Steel Makers: 

The IBR has included some of the Indian 
manufacturers in the list of recognised steel 
makers but this list has to be amended to in¬ 
clude all major steel manufacturers in India. In 
addition, standardisation of stress values of steel 
being produced indigenously is called for. 

6. Code for Unfired Pressure Vessels: 

The Indian Standard Code for unfired pres¬ 
sure vessels is already being formulated in tne 
Indian Standards Institution. From the safety 
viewpoint, it appears desirable to make some 
statutory provisions for inspection at various 
stages in manufacture and use of equipment com¬ 
ing under the category of unfired pressure vessels. 
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SECTION 20 

ASH DISPOSAL 


1. Introduction: 

1.1 The rapid increase in the installed capa¬ 
city in thermal power plants all over the country is 
certain to bring to a head the problems of ash 
disposal. The national policy of making maximum 
use of low grade coal and washery by-products 
will aggravate conditions in this regard very ra¬ 
pidly. The total annual consumption of fuels 
presently (1968-69) is 12 45 million tons of coal 
and 2.6 million tons of lignite. This is expected 
to rise to 23 • 6 million tons of coal and 4 • 2 mil¬ 
lion tons of lignite by 1973-74. This indicates 
that at present about 4 million tons of fly ash 
and one million tons of bottom ash is already 
produced in the country annually and that this 
quantity is likely to be doubled in the next few 
years. The disposal of such huge quantities of 
ash is a formidable problem. The dumping of 
ash will gradually choke the available spaces 
around the power stations. The dumping of ash 
without return on account of non-utilisation of 
ash imposes heavy burden on the economies of 
power station. This is a serious matter that will 
aftect the economy of power plants in a number 
of ways and various aspects of the problem must 
be considered rationally without loss of time. 

1.2 Major considerations in the design and 
setting up of large steam power stations include 
the behaviour of the ash during combustion and 
its handling and disposal. The problems regard¬ 
ing design of boiler furnace etc. will have to be 
tackled in consultation with the manufacturers 
of equipment. Apart from these, however, the 
ash disposal itself presents two-fold problems — 
(i) pollution and (ii) ash disposal. 


2. Pollution: 

There is already growing consciousness in 
the country about the pollution and it is to be 
expected that, along with laws and regulations 
controlling disposal of industrial wastes, regula¬ 
tions prohibiting or regulating dumping of ash 
will be promulgated in the coming years. These 
regulations, along with the cost of ash disposal, 
would make it an urgent necessity for the power 
plant authorities to explore ways and means of 
finding uses for the ash. The fly ash in power 
stations also poses serious threat of air pollution. 
The various aspects of air pollution are discuss¬ 
ed below :•— 

2.1 Control of Air Pollution : 

At present, we do not have any organisation 
which has the overall responsibility at the national 
level for control of air pollution etc. However, 
in a few localities such as Bombay, Ahmedabad, 
the Chief Inspector of Boilers has been authoris¬ 
ed by local regulations to check the Ringleman 
chart number for the smoke emanating from ther¬ 
mal power station chimneys and impose restric¬ 
tion if smoke with Ringleman Chart number ex¬ 
ceeding 4 is emitted. Emission, which exceeds 
Ringleman Chart No. 6 is prohibited. The same 
authority is empowered to scrutinize all propo- 
sals for construction of furnaces etc. which are 
likely to cause smoke emissions. So far the requi¬ 
site legislation has not been enacted at the nation¬ 
al level, only a few local legislations have been 
enacted. In the cities of Calcutta, Kanpur, Ah- 
medabad’ and Bombay, local legislations like 
Smoke Nuisance Commission Act, 1905, Bombay 
Smoke Nuisance Act, 1912, Gujarat Smoke Nui¬ 
sance Act, 1963 have been enacted. But these 
Acts have jurisdiction confined to the respective 
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cities only and not to other areas. These local 
legislations stipulate minimum stack height, and 
permissible smoke levels which impinge on ope¬ 
ration. No limits to the rate of deposition/con¬ 
centration of sulphur compounds of fly ash are 
prescribed. 

2.2 Air Pollution Levels : 

The table 4-14 • 1 gives an idea of the air 
pollution levels/deposition rate. These values 
were calculated by CW&PC based on the fuel 
consumption, ash content, dust collection plant 
efficiency, exist gas velocity, height of chimney, 
etc. Procedure for measurement of pollution are 
under consideration of the Indian Standards In¬ 
stitution. If pollution levels due to a power 
station are established to be objectionable, mea¬ 
sures to remedy the same can be thought of. In 
selection of sites for thermal power stations, air 
pollution does not figure as a major criterion. 
However, in developing the layout of a power 
station, due consideration is given to topography 
and meteorological conditions. The design pro¬ 
vides for adequate amount of air to be supplied 
to ensure as complete a combustion as [-ossible. 
In the case of pulverised fuel fired boilers, the 
mills are designed to give an optimum fineness 
of pulverised coal and turbulant mixing of coal 
and air takes place in the furnace which promotes 
complete combustion. 

2.3 Ash extraction from fuel gases: 

Table 4-14:1 gives the type and design col¬ 
lection efficiency of the dust collecting plants. It 
will be seen that 74% of the boilers for which 
data were collected are provided with mechanical 
collectors with design efficiency ranging from 70 
to 90% and 22% of the boilers are provided with 
combined mechanical and electrostatic precipita¬ 
tors of collection efficiency ranging from 95 to 
98%. No attempt has been made to remove sul¬ 
phur compounds from flue gases in view of the 
fact that most of the coals, with the exception 
of some Assam coals, are having low sulphur 
content and the pollution level of SO, is small 
compared to concentration of fly ash. In general, 
the Indian coals, (with the exception of Assam 
coal whose sulphur content varies from 2 to 10%) 
are of low sulphur content. Table 4-14.1 indi¬ 
cates the sulphur content of coals fired in thermal 
power stations considered. The fuel oils, in gene¬ 
ral, have a maximum sulphur content of 3 to 4%. 


No attempt has been made so far to remove sul¬ 
phur from fuel before combustion. Removal of 
sulphur before combustion is considered uneco¬ 
nomical. Except a few power stations, using fuel 
oil and gas, all other power stations use coal. The 
ash and sulphur contents of coals fired in various 
major thermal power stations are given at table 
4-14.1. 

2.4 Measurement of pollution: 

There appear to be no attempts made to sys¬ 
tematically measure the pollution of sulphur dio¬ 
xide or fly ash in the vicinity of thermal power 
stations. Studies have been made in and around 
Calcutta by All India Institute of Hygiene and 
Public Health. Calcutta, with a view to estimat¬ 
ing the dust fall, airborne dust, concentration of 
sulphur dioxide, aldehydes, ammonia and oxides 
of nitrogen. The summary of the results of these 
studies made from 1955 to 1958 are given be¬ 
low 

39-38 —90-98 tons/sq. 
mile; month 

. 0-021— 0-058 ppm. 

. 0 043— 0-122 ppm. 

. 0-160— 0-266 ppm. 

. 0-04 — 0-12 ppm. 

. 0-071— 0-600 ppm. 

2.5 Analysis of prevalent practice in India: 

Recently, the Specialised Engineering Orga¬ 
nisation of CW&PC have carried out a study on 
air pollution from thermal power stations in India 
covering 20 major thermal power stations (total 
installed capacity of 5.614 million kW.). Table 
4-14.2 presents an analysis of the data in respect 
of stack heights and exit gas velocities. The data 
covers a total of 104 boilers served by 58 stacks 
in the 20 power stations. 

2.5.1 It is seen that 52.9% of the boilers 
under study covering an installed capacity of 
52.5% of the total capacity under study were 
provided with stacks with design exit velocities 
in the range 10 to 15 m/sec. 31.7% of the boilers 
serving 33% of the installed capacity under con¬ 
sideration were provided with design stack exit 
velocities in the range 20 to 30 m/seo. 

2.5.2 Stack height: 

There are 5 stacks of 120 m. height out of a 
total of 58, and these 5 stacks serve 21 boilers 
covering 18.9% of the installed capacity under 


Soot fait 

Sulphur dioxide . 
Oxides of nitrogen 
Ammonia . 
Aldehydes . 
Respirable dust . 
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consideration. The majority of the installations 
have stack of 60 m height (36 stacks serving 44 
boilers for an installed capacity of 2:25 million 
kW). 

2.5.3 Out of 104 boilers under study, 77 
boilers are provided with mechanical dust col¬ 
lectors with design efficiency ranging from 70 to 
90%. 24 boilers are provided with mechanical- 
cum-electro-static precipitators with design effi¬ 
ciency ranging from 95 to 98%. No dust col¬ 
lector has been installed for three boilers as these 
are oil/gas fired ones. Special efforts are requir¬ 
ed to maintain the efficiency of electrostatic preci¬ 
pitators. 

2.5.4 There is no uniform legislation regard¬ 
ing pollution control and in the case of power 
stations located near pit mouths where the regions 
are not very much urbanised, the practice has 
been to go in only for mechanical dust collectors 
whose efficiency is less than 90%. In the other 
cases, electrostatic precipitators combined with 
mechanical collectors have been installed with 
efficiencies as high as 98%. It is generally seen 
that in the case of such power stations, the pollu¬ 
tion level of fly ash is much lower than that in 
the other power stations. The exact constants 
in various regions in India will have to be deter¬ 
mined by research. Various organisations con¬ 
cerned such as the ISI, the Health Institute, Cen¬ 
tral Water and Power Commission will have to 
get together to study the prevailing levels of pol¬ 
lution and devise measures to minimise pollu¬ 
tion. The calculations here, however, give an 
indication of the broad trends of contamination 
level in the atmosphere where power stations are 
situated. 

2.6 Recently, the Indian Standards Institution 
has set up a Committee (CDC 18.5) to study the 
whole problem of air pollution. 

The following measures may be required: — 

(a) Minimise source of emission, in other 
words to provide common stack for a 
number of boilers. 

(b) Design stack for an optimum exist velo¬ 
city of effluent gases near about 25 ni/' 
sec. 

(c) Increase stack height so that the pollu¬ 
tion levels in the area are reduced. 


2.7 In addition, high efficiency precipitation 
plants must be installed. The problem in the 
case of thermal power stations is that the more 
efficient electrostatic precipitators are quite cost¬ 
ly; being as high as about 10 per cent of the 
boiler plant cost. As the installation of the 
highly efficient dust precipitators does not im¬ 
prove the power station economy, the general 
tendency is to avoid going in for costly electro¬ 
static precipitating plants. Further, some parts 
of the electrostatic precipitators require import¬ 
ed materials such as discharge electrode wires 
and rectifier units. Mechanical dust collectors 
of conventional design involve large draft drops 
and corresponding high power consumption. 
This limits the efficiency achieved. It is quite 
clear that any regulations that may be prescrib¬ 
ed in the near future will affect the capital as 
well as operating costs of the steam power 
stations. It is, therefore, recommended that the 
representatives of the Electric Supply Industry 
and CWPC should be invited to participate in 
the formulation of these regulations. Adequate 
attention should also be given to this aspect in 
the design and construction of new power plants 
as any corrective measures required to be added 
subsequently are bound to be more costly. 

3. Adi Disposal: 

Considerable studies have already been car¬ 
ried out on this subject. Even in countries like 
Germany where the production of fly ash is of 
the same order as in India presently, a great deal 
of research is being carried out to find uses of 
fly ash. Presently, the recommendations for uti¬ 
lisation of fly ash are generally centred around 
its properties as pozzolana. 

3.1. In U.S.A. quite a few tall buildings 
have been constructed with fly ash concrete, 
The higjh strength concrete required for such 
structures can be prepared by use of fly ash, 
mixed with the cement. It has been observed 
that upto 30% saving in the use of cement can 
be made by substituting cement with fly ash as 
pozzolana material. With his substitution, the 
3-day and 7-day strength of concrete is reduced 
but there is no differenc in the 20-day strength. 
The substitution has, therefore, enabled consi¬ 
derable economies in the cost of mass concrete 
in dams, marine works, road building etc. and 
this has helped in achieving at least partially 
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an economic disposal of fly ash. It has been 
reported that fly ash utilisation of as much as 
27-40 and 50% of the total ash production 
has been achieved respectively in Germany, 
U.K. and France. The Edison Electric Institute 
in USA has reported that the production of ash 
in U.S.A. in 1967-68 was 27 • 5 and 29 • 6 million 
tonnes respectively and that with the intense 
applied research and promotional activities, it 
was possible to achieve an ash utilisation of 
13-8 and 17 • 5% respectively, in these years. 
Their summary regarding ash collection and uti¬ 
lisation in the year 1968 is given in Table 4-15 
This indicates the relative importance of the 
major areas of use for the ash. This can assist 
the applied research work in this country for find¬ 
ing solution to the problem of huge quantities of 
ash, 

3.1.1. In their annual report for the year 
1967-68, the Central Electricity Generating 
Board, U.K., have stated as follows: 

“Pulverised-fuel ash 


3.2 In India, various research organisations, 
notably the Central Building Research Institute 
(CBRI), the Central Road Research Institute 
(CRRI) and Cement Research Institute (CRI) 
have done considerable work in developing ways 
for the utilisation of fly ash. A number of uses 
have been developed; of these, the following are 
important: — 

(i) In road construction using lime-fly ash- 
soil mixtures; 


(ii) In the manufacture of Portland pozzo- 
lana cement; 

(iii) In making sintered light-weight aggre¬ 
gate for use in light-weight concrete, 
blocks or slabs, etc. 

(iv) As a fine aggregate in mortars, concrete, 
concrete blocks, cinder concrete bricks, 
sandlime bricks, etc.; 

(v) In the manufacture of cement; 

(vi) In the manufacture of aerated concrete; 

(vii) In making bricks from clays soils; 

(viii) As a filler in rubber, paint, bituminous 
concrete and bituminous products; 

(ix) As a raw material for glass; 

(x) In soil stabilisation; 

(xi) In sand blasting in place of sand for 
cleaning turbine blades; 

(xii) As a filter layer under pavements; 

(xiii) In oil well sealing. 

3.3 A number of large power stations in 
India are located near big cities like Calcutta, 
Bombay, Madras, Delhi, Nagpur, Nasik, Ahme- 
dabad, etc., where huge house building projects 
and development of new colonies and Industrial 
Estates are under way. The use of fly ash for 
bricks wall panels and admixtures in cement will 
not only go a long way in providing essential 
building materials and relieving cement shortage 
but will also save considerable expenditure to 
power station authorities in the disposal of fly 
ash. It is reported that the efforts of some of the 
power stations in Tamil Nadu in this direction 
have been very successful. Road building and re¬ 
clamation of low areas can also utilise large quan¬ 
tities of bottom ash as well as fly ash. Much 
further efforts are, however, required in this direc¬ 
tion in order to assist in bringing down the costs 
of power generation effectively. In the use of 
ash in the building activities^ the Indian Stan¬ 
dards Institution and Institutes like Central 
Building Research Institute, Central Road Re¬ 
search Institute, National Building Organisation 
etc. will have to give a lead by carrying out neces¬ 
sary research and testing work and establishing 
national standards of quality. It has to be re¬ 
membered that even for a given power station, 
the quality of coal varies so much from time to 
time that the ash produced also varies consider¬ 
ably in its chemical composition. This factor will 
have to be taken into account. 


Sales of pulverised-fuel ash increased to 
3.7 million tons, representing 42 per cent of 
the total output. The increase indicates the 
widespread acceptance of PFA as a building 
and civil engineering material. The first 
purpose-built plant for the production of 
ready-mixed cement-stabilised PFA was es¬ 
tablished at Brighton during the year and 
others are expected to follow. Some 2,000 
tons of PFA were exported to the Continent 
during the year in the form of hollow ceno- 
spheres (floaters) collected from ash lagoons. 
This material is in demand for the manu¬ 
facture of lightweight thermally insulating 
blocks and refractories. A large market is 
known to exist for floaters and the Board 
are developing a new design of collecting 
plant.” 
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3.4 Current position: 

Fortunately, there is an increasing awareness 
regarding the need for the use of fly ash in the 
power supply industry as well as among other au¬ 
thorities in the country. The Neyyeli Lignite 
Corporation Ltd. have, for example, been able 
to sell some of their fly ash to building industry 
to earn revenue as follows: — 

Year 1964-65 1965-66 1966-67 1967-68 1968-69 
Rs. (Lakhs) 2.33 4.72 2.51 3.13 0.56 

On behalf of the Delhi Development Autho¬ 
rity and ‘C’ Power Station, the National Build¬ 
ing Organisation, New Delhi, has made some field 
trials in the use of fly ash' in building construc¬ 
tions. During the course of construction of Ri- 
hand Dam in U.P., fly ash was utilised to a 
substantial extent in the mass concrete with at¬ 
tendant economies. 

4. The Central Water and Power Commis¬ 
sion and construction authorities are generally 
well seized of the problem and the possibilities of 
use of fly ash in large mass concrete or masonry 
structures as pozzolana are usually explored. 
Difficulties however, do occur due to inadequate 
appreciation of the problem of fly ash by certain 
local authorities. In the case of one Dam pros¬ 
pects of use of 2-3 lakh tones of fly ash as puz- 
zolana were explored. The proposal for use of 
fly ash had to be given up as the power station 
authorities insisted on a price of Rs. 40 per tonne 
for the fly ash and this price together with the 
rail transport charges made use of fly ash uneco¬ 
nomical. Disposal of ash costs money at each 
power station. It will therefore be reasonable to 
expect that the power station authorities should 
make ash available freely for any civil engineer¬ 
ing uses at a normal price. This should in no 
case exceed the cost of coal at the power station 
multiplied by the proportion of ash content. Con¬ 
siderable amount of further research and develop¬ 
ment work may Ijg useful. The Central Build¬ 
ing Research Institute, Roorkee, have intimated 
the Power Economy Committee that they could 
undertake investigations on the uses of fly ash 
in making bricks from expansive soils such as 
black cotton soil and for silicate bonded high 
strength building bricks, if such a project is spon¬ 
sored. It is also understood that Cement Research 
Institute, New Delhi, would be prepared to under¬ 
take work regarding analysis and assessment of 
fly ash of different power stations and participate 


in any applied research and development work 
in this regard. 

Apart from these developments, it is now 
necessary to take practical measures for ash uti¬ 
lisation even on the basis of the presently known 
possibilities. The power station authorities are 
normally fully engaged with planning, construc¬ 
tion and operation of the power generating 
stations and transmission and distribution works. 
It is, therefore, very difficult for them to carry 
out any effective research and development work 
or promotional activities on their own. Such ef¬ 
forts would also mean wasteful duplication in 
the different power systems. It is, therelore, 
strongly recommended that in each region, the 
Regional Electricity Board or the State Electricity 
Boards co-operatively should set up a non-profit 
Corporation for this purpose. The power stations 
should make all the ash available to the Cor¬ 
poration free of charge and the Corporation should 
take all possible actions for marketing and utili¬ 
sing all the ash. The Corporation will promote 
further research and development on necessary 
capital equipment, preparation of national stand¬ 
ards and specifications for ash disposal and acti¬ 
vely pursue the use of ash in the large number 
of areas in civil engineering. 
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TABLE 4—14-2 

Survey of Power Stations Designs in Regard 
to Air Polution and Stack Design 

4-14-2 ANALYSIS OF DATA 
1. Stack Exit Veiacity 


2. Stack Height— (contd) 


Velocity m/sec. 

No of 
stacks 

No. of 
boilers 

Installed 

capacity 

MW 

5-10 

12 

16 

839-6 

10-15 

37 

55 

2933-6 

20-30 

9 

33 

1850-0 

Total 

58 

104 

5614-2 

2. Stack Height 

Height of stack 

No. of 
stacks 

No. of 
boilers 

Installed 

capacity 

MW 

50 

5 

7 

100 

50 . 

10 

13 

516 

60 

26 

44 

2250-7 


Height of stack 

No. of No. of 
stacks boilers 

Installed 

capacity 

MW 

75-80 

9 

11 

997-5 

100 ... 

3 

8 

700 0 

120 ... 

5 

21 

1050-0 

Total 

58 

104 

5614-2 

3 . Dust Collecting Plant 

Type of dust collectors 


No of 
boilers 

Installed 

capacity 

MW 

Mechanical Collector . 

# 

77 

3185-1 

Mechanical cum electrostatic pre¬ 
cipitators . . . . 

24 

2274-1 

None 


3 

155-0 

Total 

104 

5614-2 


TABLE 4—15 




Ash Collection and Utilisation in U. S. A. (1968) 




Fly Ash 
Tons 

Bottom Boiler Slag 
Ash Tons (If separated 
from Bottom 
Ash) Tons 


•> 1 

2 

3 

1. Total Ash Collected. 

19,813,747 

7,259,212 

2,554,56 

2. AshUtilized (Ash uiltised toinclude ashsold as wellas used by companyfor 
its own use in concrete, road base stabilisation, etc. Does not include ash 
hauled or pumped by company to disposal or fill area) 




(a) Mixedwithcementclinkerormixedwithcement(pozzolancement) . 

23,458 

. . 


(b) Mixed with raw material before forming cement clinker . 

107,666 

17,510 

230,256 

(c) Stabilizer for road bases, parking area etc. 

(d) Partial replacement of cement in— 

141,142 

17,009 

69,04 

1. Concrete products (blocks bricks, pipe etc.). 

113,790 


17 

2. Structural concrete. 

106,244 

, . 


3. Dams and other mass concrete. 

92,411 

. . 

, . 

(e) Lightweight aggregate. 

190,192 

32,387 


(f) Fillmaterialfor roads, construction sites, etc.. 

205,757 

583,094 

964,220 

(g) Fillerin asphalt mix. 

103,827 

13,820 

63,604 

(h) Miscellaneous (Due to the interest shown in this category, Please 
itemize these uses on the back of this- Questionnaire or on a separate 
sheet of paper including the approximate tonnage of fly ash, bottom ash 
or boiler slag utilized for each miscellaneous item. 

132,582 

448,445 

256,136 

Total Item 2- . . .- . 

1,216,745 

1,112,265 

1,376,048 

3. Ash removed from plant sites at no cost to utility but not covered in catego-- 
ries listed under “Ash Utilization”. 

686,738 

705,788 

96,432 

Total utilized Items 2 and 3. 

1,903,483 

1,818,053 1,472,480 
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TABLE 4—15 -{Contd.) 


1 2 3 


(h) Miscellaneous—Itemized 
Sold for Vanadium . 

Street Ice Control. 

Anti-skid Material . 

Mine Subsidence. 

Extinguishing Mine Fires 

Filler Mortar. 

Grouting. 

Abrasive Cleaning . 

Test caps for compressive tests 
On concrete cylinders 
Refractory Ad-Mix 
Home concrete dry mix . 

Experimental—Ready-Mix Supplier 
Subsurface-Heavy Construction 
Foundries Manufacturing Prod. & Fillers 

Poz-O-Pac. 

Asphalt Shingles .... 
Sandblasting Grit .... 

Land Fill. 

Spontaneous Combustion Control . 

Seal for Fire. 

Drain Base Aggregate 
Water Filler Media 
Pottery Company for Research, 

Aggregate for Asphalt Paving . 

Fillerin Foundary Sand 
Power House Insulating Cement 
Chemical Products 

Unclassified. 



81,216 

200 



23,277 



311,150 


16,540 


• 

3,162 


• 

2,300 



2,025 


• 

226 


• 

55,000 


• 

6 



40 



34 


• 

66 


• 

2,819 


• 

2,700 


• 

475 


• 


67,696 

• 


22,565 

• 

1,400 

20,607 


15,500 


• 

• 

280 


• 

1,550 



445 



210 



1,264 

3,000 


81 

9,136 


4,989 

123,842 


15,500 

160 

270 

46,428 
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SECTION 21 

STAFFING FOR STEAM POWER PLANTS 


1. In order to ensure that the power stations 
are run only by well experience staff, certain 
standards of recruitment at lowest level and pro¬ 
motion to higher levels have to be maintained. 
The boiler statutory regulations Specify passing 
of examinations, conducted by the various State 
Boiler Boards, but these examinations are not 
comprehensive enough to embrace entire power 
stations nor are they statutorily enforceable to 
all the employees working in a power station. The 
boiler statutory regulation^ expect at least one 
operator incharge of the boiler to possess neces¬ 
sary boiler certificates and since very many more 
than one person work in a power station whose 
lack of knowledge and experience may adversely 
affect or even damage an equipment, it is neces¬ 
sary to evolve methods and procedures for re¬ 
cruitment and promotion to ensure that no inex¬ 
perienced or partially experienced operator is al¬ 
lowed to handle the expansive equipment in a 
modern thermal power station. The staffing re¬ 
quirements of each power station and important 
receiving station should be specified by the desi¬ 
gners of that particular installation, so as to effect 
the coordinated and optimum operation of the 
system. There should be a requirement, prefer¬ 
ably statutory, that the O & M staff be trained 
adequately through some training institute before 
being given full charge of the costly and intricate 
modem power equipment. Some system of cer¬ 
tification of competence also need be introduc¬ 
ed so that only the duly certified staff is posted 
in the power plants. 

2. The staff required for operation and main¬ 
tenance must be sanctioned and positioned at 
least one and half years before the expected day 
of commissioning of all the different units. The 


whole of the O & M staff should be given initial 
training of six < months in some institute then 
the staff should be posted at the power plant dur¬ 
ing and commissioning in the installation, test- 
staff can get training on the specified plant by 
watching of participating in the installation, test¬ 
ing and commissioing work. Association of the 
regular operating staff with the operational plant 
during the construction phase will prove to be 
a valuable source of training as the manufactu¬ 
rers’ expert personnel is available during the con¬ 
struction phase at site. During this period it is 
important that the personnel recruited for O & M 
should be assigned definite responsibility and 
task. 

3. The pattern of staffing of the large power 
stations and their appurtenant works such as 
stores etc. should be standardised. In the case 
of power stations the standardisation can be on the 
basis of parameter system generating sets, num¬ 
ber of generating sets, type of fuel etc. 

These standardised patterns for manning all 
power stations and sub-stations etc,, should be ap¬ 
proved by the Government and accepted by the 
trade unions as well as management. Standard 
pattern will have the virtue of elimination of 
complaints from the unions of personal bias, of 
power station Engineers from fear of being ques¬ 
tioned in case of break-down on an equipment 
due to lack of adequate supervision. The mana¬ 
gement too would feel assured of providing maxi¬ 
mum possible checks and security at minimum 
cost. 

The standard pattern would not only apply 
to placement of staff but on office, accounts and 
stores procedures on which depend numbers in 
each office. 
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Staff in stores depends on inventories car¬ 
ried in the power station. In India Power Stations 
carry very large inventories. One of the main 
reasons for this is excessive difficulty in getting 
spares for machines! which so far have been of 
foreign make. As this is an important matter 
affecting availability and economy of generation 
a separate chapter is being devoted to this. 

Standard organisation for two, four and six 
unit station giving one T.G. one boiler unit sys¬ 
tem has been given in the Table 4-16. This is 
based on the assumption that each operator takes 
full responsibility of the duties assigned to him. 

4. It is understood that the various power 
supply systems are experiencing difficulty in 
staffing of personnel in the thermal power stations. 
On the transmission and distribution side the 
personnel enjoy various facilities like city com¬ 
forts, public contacts etc., whereas the personnel 
engaged on the thermal power plant cannot en¬ 
joy the facilities on account of location of power 
plants away from the cities. Accordingly it is 
suggested that proper incentives should be given 
to the personnel to be engaged on the operation 


and maintenance of thermal power stations so 
as to invite sufficiently good talent to handle the 
various sophisticated and expensive equipment 
installed at the power stations. In this connec¬ 
tion the practice being followed by Maharashtra 
State Electricity Board will be of interest. A new 
generation cadre has been created in which all 
the categories of staff are given some generation 
allowance and some categories of staff are also 
given an advance increment in their scale of pay 
in addition to generation allowance. The incen¬ 
tives being given to the various categories of staff 
in the Generation Cadre are detailed in Table 4- 
17. It is felt that in case such practice is followed 
by other Electricity Boards, this may solve the 
problem of staffing in the thermal plants. Proper 
staffing means better operation of the thermal 
plants and lessening of outages which would 
mean greater revenues and greater output. The 
incentives offered to the personnel would be over¬ 
compensated by the benefits derived. It is, there¬ 
fore, recommended that a Generation Cadre 
should be created in the State Electricity Boards 
/Undertakings with adequate monetary incen¬ 
tives. 
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TABLE 4—16 

Recommended Optimum Pattern for Staffing of Steam Power Stations 


Name of the post 

No. of Posts 

For 2 Units For4 Units For 6 Units 

1 

2 3 4 


1. General Superintendent 

2. Stenographer. 

3. M/Peon. 

II. Fuel Combustion and Efficiency 

1. Fuel Combustion and Efficiency Engineer 

2. Asstt. Engineer (Fuel) . 

3. Chargehand. 

4. Operator ... ... 

5. Asstt. Gr. II.. 

6. Asstt. Gr. III-cum-Typist 

7. Sampling Supervisor .... 

8. Fuel Sample Collector 

9. Messenger/Peon. 

10. Sr. Chemist. 

11. Chemist. 

12. Chemical Asstt. 

13. Asstt. Gr. III-Cum-Storekeeper 

14. Sample Preparer. 

Engineer ( Technical ) 

1. Executive Engineer . . . 

2. Asstt. Engineer (Mech./Elec.) 

Office 

1. Asstt. Gr. I. ... 

2. Asstt. Gr. II. 

3. Jr. Steno. 

4. Asstt. Gr. III-cum-Typist. . 

5. Messenger/Peon. 

Costing 

1. Sr. Cost Accountant . 

2. Asstt. Gr. I (Costing). 

3. Asstt. Gr. II (Costing) 

4. Asstt. Gr. III-cum-Typist. . 

Power House and Civil Maint 

1. Tech. Gr. I (Carpentor) 

2. Tech. Gr. I (Mason) • 

3. Rigger (Sr.). 

4. Sfc. Khalasi. 

5. Khalasi. 

6. Overseer/Estimator .... 

Drawing Office 

1. Sr. Draftsman. 

2. Jr. Draftsman. 

3. Tracer-cum-Printer .... 

4. Duftry. 


1 

1 

1 

1 

1 

1 

3 
1 
1 
1 
2 
1 
1 
2 

4 
1 
2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

3 
1 
1 
1 
2 
1 
1 
2 

4 
1 
2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

3 
1 
1 
1 
2 
1 
1 
2 

4 
1 
2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 
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TABLE 4-16— (Conid.) 


l 


Stores 

1. Stores Officer .... 

2. Sr. Store Keeper 

3. Store Keeper Gr. II 

4. Asstt. Gr. II ... 

5. Asstt. Gr. Ill cum-Typist 

6. Technician Gr. II (Carpentor) .. 

7. Tech. Gr. Ill (Painter-cam-Carpenter) 

8. Sk. Khalasi. 

9. Messenger/Peon. 

10. Sweeper. 

IV. Operation (Mechanical) 

1. Superintendent (O & M) . 

2. Stenographer .... 

3. Messenger/Peon .... 

A. Power Units ( Operation) 

1. Shift Superintendents. 

2. Shift Charge Engineer . 

3. Asstt. Engineer (Mech.) 

4. Controller (Mech.) 

5. Controller (Elec.) 

6. Asstt. Controller (Mech.) 

7. Operator (Mech.) 

8. Asstt. Operator (Mech.) 

9. Errand Boy .... 

B. Instrumentation 

1. Instrument Engineer . . 

2. Asstt. Gr.II-cum-Store Keeper 

3. Asstt. Engineer(Mech./Elec.) 

4. 'Stenographer 

5. Messenger/Peon .... 

6. Foreman Gr. I . 

7. Sr. Instrument Mechanic 

8. Instrument Mech. Gr. I. 

9. Instrument Mech. Gr. II. 

10. Sk. Khalasi .... 

C. Power House Clearing 

1. Labour Supervisor 

2. Sk. Khalasi .... 

3. Khalasi. 

4. Sweeper ..... 

V. Operation and Maintenance (Electrical) 

1. Superintendent (O & M) Elec. 

2. Executive Engineer (Elec.) . 

3. Asstt. Gr. II. 

4. Jr. Stenographer . 

5. Asstt. Gr.-III cum-Store Keeper . 

6. Messenger/Peon .... 


2 

3 

4 

1 

1 

1 

1 

1 

1 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

6 

6 

6 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 


.. 

.. 

5 

5 

5 

5 

9 

17 

25 

8 

17 

26 

4 

9 ' 

14 

32. 

48 

64 

27 

42 

57 

14 

28 

42 

4 

4 

4 


1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

4 

4 

4 

3 

3 

3 

3 

3 

3 


1 

1 

1 

4 

4 

4 

6 

6 

6 

4 

9 

14 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


19—1 I&P/71 
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TABLE 4-1 6-{Contd.) 


1 2 3 4 


VI. Operation 

1. Asstt. Engineer (Elec.). 5 

2. Asstt. Controller (Elec.) . . 5 

3. Operator (Elec.). 4 

4. Technician Gr. II (Elec.). 5 

A. Maintenance Inside the Power House 

1. Asstt. Engineer (Elec.). 2 

2. Foreman Gr. 1. 1 

3. Technician Gr. I (Elec.). 1 

4. Chargehand .. 1 

5. Technician Gr. II (Elec.). 4 

6. Technician Gr. Ill (Elec.). 4 

7. Technician Gr. I (Telephone). 1 

8. Tech. Gr. I (Crane/Tech. Gr. I Crane/Elevator Driver) .... 1 

9. Sk. Khalasi. 8 

Maintenance outside the Power House 

1. Asstt. Engineer (Elec.). 1 

2. Foreman Gr. I (Elec.). 1 

3. Technician Gr. I.. 6 

4. Tech. Gr. II (Elec. / Lineman). 6 

5. Tech. Gr. Ill (Elec.). 8 

Power House 

1. Telephone Operator .'.. . 2 

2. Sk. Khalasi. 10 

Maintenance ( Mechanical ) 

1. Supdt. maintenance (Mech.). 1 

2. Executive Engineer (Mech.). 1 

3. Asstt. Gr. II.t 

4. Jr. Stenographer. 1 

5. Asstt. S/K-cum-Gr. Ill. 1 

6. Messenger/Peon. 1 

7. Asstt. Engineer (Mech.). 1 

Inside the Power House 

1. Serang Gr. 1. 1 

2. Rigger. 6 

3. Sk. Khalasi. 14 

Outside The Power House 

1. Yard Supervisor. 1 

2. Sk. Khalasi. 1 

3. Mali. 1 

4. Khalasi. 3 

5. Sweeper. 3 

6. Weigh Bridge Attendant. 2 


Turbine Auxiliaries 

1. Foreman. 1 

2. Chargehand. 1 

3. Technician Gr. 1. 3 

4. Technician Gr. II. 3 

5. Technician Gr. III. .. 3 


5 
9 
8 
9 

2 

1 

1 

1 

4 

4 

1 

1 

9 

1 

1 

6 
6 
8 

2 

10 

1 

1 

1 

1 

1 

1 

1 

1 

6 

18 

1 

1 

1 

3 

3 

2 

1 

1 

3 

3 

3 


5 
13 
12 
13 

2 

1 

1 

1 

6 

5 
1 
1 

9 

1 

1 

6 
6 
8 

2 

10 

1 

1 

1 

1 

1 

1 

1 

1 

6 

18 

1 

1 

1 

3 

2 

2 

1 

1 

3 

3 

3 
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TABLE 4-16 —tContd 


1 2 3 4 

Boiler arid Auxiliaries 

1. Foreman Gr. I.. . 1 1 1 

2. Foreman Gr. II. .... . .... 1 1 1 

3. Chargehand. ...... 1 i i 

4. Technician Gr. 1. 6 6 6 

5. Technician Gr. I. (Mason). 1 1 1 

6. Technician Gr. II. (Mason). 2 2 2 

7. Technician Gr. II. 8 8 8 

8. Technician Gr. Ill. 2 2 2 

Welding 

1. Foreman Gr. I. (Welding). 2 2 2 

2. Tech. Gr. I. (Welder). 2 2 2 

3. Tech- Gr. II (Welder) .. 2 2 2 

4. Tech. Gr. Ill (Welder). 3 3 3 

B, Outside the Power House 

1. Asstt. Engineer. 1 1 1 

2. Foreman Gr. I. ... . 1 1 1 

3. Asstt. Gr. II-cum-Store Keeper (Tools Clerk). 1 v 1 1 

4. Tech. Gr. I. Turner (Machinist). 5 5 5 

5. Tech. Gr. II. (Bench Fitter/Tinsmith etc.). 5 5 5 

6. Hammer Man. 1 1 1 

7. Khalasi .. 2 2 2 

Coal Handling wagon Tippler Railway Truck and Power House Yards (O &M) 

1. Foreman Gr. 1. 1 I 1 

2. Chargehand. 2 2 2 

3. Technician Gr. I. 4 4 4 

4. Technician Gr II. .... 8 10 10 

5 Skilled Khalasi. 5 5 5 

6. Khalasi .. 2 2 2 

CMT Bull Dozer, Crane Loco 12 Shift (O & M) 

1. Foreman Gr. I. 1 1 1 

2. Chargehand. 1 1 1 

3. Technician Gr. I. 5 5 5 

4. Technician Gr. II. 4 4 4 

5. Technician Gr. Ill. 1 1 1 

6. Asstt. Gr. IIl-cum-S/K. 1 1 1 

7. Driver. 8 8 8 

8. Diesel Truck-Driver. 1 1 1 

9. Bus Driver. 1 1 1 

10. TechnfcianGr. 1 (Dozer Scraper etc.). 6 6 6 

11. Skilled Khalasi. 4 4 4 

12. Cleaner for M. T. Vehicles. 2 2 2 

Administration 

1. Administrative Officer. 1 1 1 

2. Asstt. Gr. I. 1 1 1 

3. D/Accountant. 1 1 1 

4. Asstt. Gr. II 3 3 3 

5. Jr. Stenographer.• . 1 1 1 
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TABLE 4-l6—(Cotttd.) 


1 

2 

3 

4 

6. Asstt. Gr. III-cum-Typlst .. 

1 

1 

1 

7. Asstt. Gr. III. , . 

3 

3 

1 

8. Asstt. Gr. Ill (Time Keeper). 

4 

4 

3 

9. Duplicating Machine Operator-eum-Duplicating and Record Keepers . 

1 

1 

4' 

10. Messenger/Peon. 

1 

1 

1 

11. Sweeper .. 

1 

1 

1 

Welfare 

1. Welfare Officer . 

1 

1 

1 

2. Asstt.-cwffj-Typist (Welfare Centre) . 

1 

1 

1 

3. Caretaker (Welfare Centre). 

1 

1 

1 

4. General Servant. 

1 

1 

1 

5. Sweeper (Welfare Centre).. 

1 

1 

1 

leave Reserve 

1. Asstt. Gr. III-ca/n-Typist. 

2 

2 

2 

2. Asstt. Gr. Ill (S/K). 

1 

1 

1 

Security 

1. Security Officer .... " i . . . . 

1 

1 

1 

2. Security staff . 

40 

40 

40 



Note.. _The above does not include staff for Accounts, medical. School and Colony Services and is based on cooling 

to vers for cooling water requirements and coal conveyor for transport of the coal supplies. 

Total for 2 Units comes to 508 

Total for 4 Units comes to 599 

Total for 6 Units comes to 690 

For a station having 120 MW units, number of personnel per MW would be 2.21,1.34 and 1.06 in case of 2, 4 and 
6 units respectively. 
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TABLE 4-17 

Incentives Offered in Typical Generation Cadres 
(Maharashtra) 


SI. Category of posts 

No. 


Generation 
Allowance 
granted to 

the recog- Method of filling in the 
nised degree/ post • 

diploma 
holding 
engineers 
posted in 
the P.S.S 
Rs./P.M. 


Remarks 



2 


4 


5 


I. Pay Group / 


1. 

Sr. Power Station Superintendent. 

75.00 

By departmental promo¬ 
tion or by direct re¬ 
cruitment. 


2. 

Power Station Superintendent 

75.00 

Do. 


3. 

Asstt. Power Station Superintendent .. 

't 

75.00 

By departmental promo¬ 
tion and by direct re¬ 
cruitment provided 
that every fourth va¬ 
cancy shall be filled 
by direct recruitment. 

- 

4. 

S. Thermal Engineer. 

If Pay Group II-A 

75.00 

Do. 


5. 

Shift Engineer. 

50.00 

By departmental promo¬ 
tion or by directtrecruit¬ 
ment. 

One advance increment 
in additionto the gene¬ 
ration allowance is also' 
given. 

6. 

Maintenance Engineers (Boiler) 

50.00 

Do. 

Do. 

7. 

Miintenanoe Engineers (Turbine) . 

50.00 

Do. 

Do. 

8. 

Dy- Executive Engineer (Instrumental Control) 

50.00 

. . 

9. 

Chief Chemist .. 

.. 

. , 


10. 

Sr. Control Engineer (Boiler & Turbine Ope¬ 
ration). 

50 00 

By departmental promo¬ 
tion or by direct recruit¬ 
ment. 

One advance increment jn 
addition to geneiaticn 
allowance is also given 
Do. 

11. 

Control Engineer. ...... 

50.00 

Do. 

12. 

Asstt. Shift Engineer. 

50.00 


Do. 

13. 

Senior Chemist. 

•• 

By departmental promo¬ 
tion or by direct recruit- 



ment. 

14. Chargeman Gr. I. 40.00 75 % of the vacancies are The Engineering Gradua- 

to be fined from Char- tes are given three ad- 
geman Gr. II by depart- vance increments in 
mental promotion, pxe- addition to generation 

ference being given to allowance, 

diploma holders. Re¬ 
maining 25 % t o be fil led 
by direct recruitment. 

111. Pay Group 1I-B 

15. Chief Foreman. ..By departmental promo¬ 

tion or by direct re¬ 
cruitment. 


16. Head Foreman . 


Do. 
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SECTION 22 


TRAINING OF PERSONNEL FOR OPERA¬ 
TION AND MAINTENANCE OF STEAM 
POWER STATIONS 


1. The thermal power plants are playing an 
increasingly important role in the electric power 
generation in the country. Under the provision 
of Fourth Five Year Plan installation of addi¬ 
tional 4 • 53 GW of thermal power has been en¬ 
visaged. Consistent with the above increase in 
generating capacity, it has been estimated that 
about 1500 engineers and diploma holders and 
4500 technicians would be needed to cater to the 
requirements of operation and maintenance of 
new thermal power plants to be installed. Besides, 
availability of trained personnel for the existing 
installation is also not satisfactory, as a result of 
which it has not been possible to operate the 
various plants under the optimum conditions. 

2. Training facilities presently available in India 

2.1 Only a beginning in the matter of provi¬ 
ding training facilities has been made in recent 
years by the Central Water & Power Commis¬ 
sion. The following pilot schemes have been 
started in Neyveli, Durgapur and Delhi. 

2.2 Neyveli: 

This institute offers training facilities for se¬ 
nior personnel and the annual intake is 30 to 40 
candidates. The institute offers training to the 
operation and maintenance engineers, who pos¬ 
sess either an engineering degree or diploma. The 
training programme is for a period of one year. 
During the first six months, lecture classes are 
arranged in the afternoon and study of the lay¬ 
out of the plant in the morning. The latter six 
months are spent by the trainees undergoing in¬ 
tensive inplant training at the Neyveli Thermal 
Power Station including participation in the ope¬ 
ration and maintenance of the same. The in- 
plant training includes the trainees taking parallel 


shifts with the operating personnel of power 
stations. During this periods the trainees are 
also sent on extensive tours so that they get well 
acquainted with the working of other major 
steam power stations as well as the manufactur¬ 
ing process in the large factories like Heavy Elec¬ 
tricals (BHOPAL). The lecture classes are held 
by well experienced engineers of the Neyveli 
Thermal Power Station and the officers of the 
institute. This is the oldest training institute and 
the sixth batch has started in March, 1970. The 
following courses are offered: (i) Thermal Engi¬ 
neering, (ii) Electrical Engineering, (iii) Automatic 
Control and Instrumentation. The training equips 
the trainees to fill the positions of Assistant 
Engineers and Shift Engineers in-charge in the 
case of graduates and Controllers and Assistant 
Controllers in the case of diploma holders, in 
large thermal power stations. 

2.3 Durgapur: 

This institute offers training to junior person¬ 
nel in the categories of operators, mechanics and 
electricians who possess either a diploma in elec¬ 
trical or mechanical engineering or degree in scie¬ 
nce from a recognised university. The training 
programme is for a period of one year from 
April, to March. The programme is so arranged 
as to lay greater stress on in-plant training. Dur¬ 
ing the first half of the course, lectures are ar¬ 
ranged in the morning and inplant study of the 
layout etc. of the power station in the afternoon. 
In between, the trainees are attached to shifts for 
one month in order to acquaint themselves better 
with the equipment to be handled. During the 
remaining five months trainees are attached to 
regular shift duties sharing the responsibility with 
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the regular operating staff under the supervision 
of the officer-in-charge of power station. During 
the training programme written tests are held to 
assess the progress made by the trainees. Fol¬ 
lowing course are available: (i) Electrical opera¬ 
tion; (ii) Electrical maintenance; (iii) Mechanical 
operation; (iv) Mechanical maintenance. The 
training equips the trainees to fill the positions 
of Mechanical and Electrical Operators and in¬ 
charge of maintenance crews for electrical and 
mechanical works in large thermal power stations. 

2.4 Delhi: 

A third pilot training institute has been start¬ 
ed in Delhi in April, 1970. This is on the same 
lines as Neyveli Institution and offers identical 
courses. This institute has training facilities for 
30 trainees. 

2.5 Apart from the above institutions some 
of the electric supply undertakings like D.V.C. 
Tatas, U.P.S.E.B., W.B.S.E.B., G.S.E.B. and 
M.S.E.B. are having the training facilities to a 
moderate extent. 

2.6 It will be seen that at present training 
facilities for junior as well as senior personnel 
are quite meagre. With the existing facilities, it 
will not be possible to cope with the requirement 
of trained personnel needed for the proposed 
power plants and the existing power plants. The 
present intake of 70 senior personned and about 
75 junior personnel in the various train¬ 
ing institutions is grossly inadequate. It is 
argued in some quarters that there is diffi¬ 
culty in getting the requisite number of trainees 
for the existing institutions and that, therefore, 
there is no need of planning their further expan¬ 
sion. This position is not acceptable. It is the 
duty of the CEA to see that the necessary train¬ 
ing facilities are created in the country and, at 
the same time, to create an awareness among the 
power supply authorities regarding the need for 
training. It is possible that some of the power 
supply undertakings may not yet be fully aware 
of the available training facilities. Some power 
supply undertakings will even have to be awaken¬ 
ed to the need of having properly trained per¬ 
sonnel in the interest of safety, improved plant 
life and continuity of supply. By the end of the 
4th Plan, the capital investment in the thermal 
power plants alone would be of the order of 
Rs. 2.000 crores on the basis of present-day cost. 


It is absolutely necessary that properly trained 
personnel are available for the operation and 
maintenance of such costly and highly complex 
plant and equipment. The expense of impart¬ 
ing proper training to the O. & M. personnel is 
really indispensable input for economical and 
reliable generation of electrical energy. Partly, 
it also in the nature of insurance premium for 
the costly plant and equipment. Better opera¬ 
tion of the power plants mean better conditions 
of power supply to the industry and agriculture 
which in turn would mean better production and 
prosperity. 

3. The C.W. & P.C. and the Union Ministry 
of Irrigation and Power have shown commenda¬ 
ble initiative in setting up the above training in¬ 
stitutes. These facilities are, however, grossly 
inadequate, particularly on account of the insti¬ 
tutes being not properly equipped with staff as well 
as equipment and other training facilities. Since 
the main beneficiaries are the State Electricity 
Boards and other major electricity undertakings 
in each region, it appears desirable that the Re¬ 
gional Electricity Boards themselves should be 
responsible for organising and operating adequate 
training facilities in the respective regions. The 
Regional Electricity Boards should work out the . 
necessary programme for training of about 100 
trainees per year in each of the four major regions. 
The existing Training Institutes can be taken over 
by the Regional Electricity Boards and new ones 
started wherever necessary. The Regional Elec¬ 
tricity Boards can finance and equip these Insti¬ 
tutes to suit the requirements of the power instal¬ 
lations in their respective areas and special 
training may be imparted for dealing with' 
problems peculiar to the respective regions. 

3.1 As the institutes grow up they should in¬ 
stall sophisticated simulators for training control 
room operators/engineers and shift engineers who 
are vital for safe operation of large units. Simula¬ 
tors are dynamic and can be used for training 
personnel to handle all plant emergencies. Any 
length of in-plant training will not substitute the 
above training as emergencies cannot be created 
on running units. 

3.2 When adequate training facilities are set, 
it is strongly recommended that it should be ob¬ 
ligatory for all technical personnel to be employed 
for operation and maintenance to have proper 
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competency certificates issued by the training in¬ 
stitutes or by the respective Governments, before 
they can be posted for these duties. If, necessary, 
adequate legislation may be passed for the pur¬ 
pose. It should also be necessary for the person¬ 
nel already employed to undergo some prescribed 
formal training before obtaining further promo¬ 
tions. It is suggested that the training institutes 
should admit candidates only on the basis of their 
being sponsored by the Electricity Boards/Under¬ 
takings in that region. The institute should, how¬ 
ever, be outside the scope of say union activities. 
It is necessary to run these institutes in a well 


organised, well equipped and efficient manner in 
order to inculcate a proper sense of discipline and 
technical know-how which are both very necessary 
for safe and efficient working of the power sys¬ 
tems. 

4. The middle level engineers should also be 
sent for a few weeks at a stretch to the large 
manufacturing units such as Heavy Electricals, 
Bharat Heavy Electricals or Instrumentation Fac¬ 
tory at Kota for proper understanding of the plant 
and equipment. 
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SECTION I 


MANUFACTURING AND DESIGNING 
CAPABILITY OF INDIGENOUS 
MANUFACTURERS 


1. The manufacture of power plant and 
equipment for all new power stations is now be¬ 
ing planned in the manufacturing units under 
Heavy Electricals (India) Ltd. (HEL) and Bharat 
Heavy Electricals (India) Ltd. (BHEL). Needs in 
regard to the instrumentation are expected to be 
met by Instrumentation Ltd., Kota. The pro¬ 
gramme and scope of manufacture of these manu¬ 
facturing units is based on technologies purchased 
from their foreign collaborators. Although the 
collaborators have a very wide experience in the 
respective lines, the experience of the indigenous 
manufacturing units has shown that the design 
details and range of technological innovations 
available to the indigenous manufacturers are 
rather restricted and generally it has not been 
possible to carry out adaptations of the imported 
technology to suit the needs of power stations 
etc. under the Indian conditions. The hydro¬ 
electric power station has, in each case, to be 
designed anew to make the best use of local con¬ 
ditions. Even in the steam power stations, the 
design of the condensers, for example, has to be 
related to the temperature and quality of the 
cooling water, the type and design of the coal mills 
have to be chosen appropriately for the type of 
coal available and so on. All these point to the 
need for developing adequate design capability of 
the indigenous manufacturers. For want of these, 
very substantial economies possible in the initial 
cost of plant and equipment as well as in the 
operation and maintenance of the plant are be¬ 
ing lost to the power supply industry. Apart- 
from the monetary costs, additional costs are in¬ 
volved in the case of inadequate or inappropriate 
designs on account of difficulties of operation, 
increased requirement of maintenance outages 
etc. 


2. There is, therefore, an urgent need to 
develop the design capability in the manufactur¬ 
ing units so that the technology acquired for plant 
and equipment is fully utilised in a manner suit¬ 
ed to the Indian conditions. A survey of the 
present position shows that this matter has al¬ 
ready been receiving some attention in the past 
few years. Very considerable ground is yet to 
be covered before concrete results can be achiev¬ 
ed. 

3. The Central Board of Irrigation and Power 
(CBI&P) formed Working Groups for Hydro¬ 
electric Power Plants, Thermal Power Plants, 
Switchgears, Transformers and Industrial Motors 
with a view to standardising the specifications for 
these, after taking into account the details of the 
technology available to the manufacturing units. 
These Working Groups did commendable work 
in exploring areas where the technology purchas¬ 
ed by the manufacturers could be utilised to the 
maximum possible extent in the Indian Power 
Stations. They also sorted out areas where modi¬ 
fications and adaptations were desirable. It is 
highly desirable that the reports of these working 
Groups be gone into and their recommendations 
put into practice. Some of the Working Groups 
like the one on “Hydro-electric plant” have also 
given thought to the manner in which future tech¬ 
nological developments could be absorbed. This 
is a very important matter requiring as early an 
implementation as possible. 

4 . In 1967, the Ministry of Irrigation and 
Power formed a committee for standardisation of 
layouts and designs for thermal power plants 
The synopsis of its Sub-committee on “Standardi¬ 
sation of Mechanical and Electrical Equipment” 
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is attached as Annexure 5-1. The position cur¬ 
rently obtaining in regard to the boiler plant is 
summarised in a D.O. letter of the General 
Manager of M/s. BHE, Tiruchirapalli, a copy 
of which is attached as Annexure 5-2. It is 
necessary for the Power Economy Committee to 
take a view on these matters after discussions 
with the respective manufacturers. 

5. One difficulty in the development of de¬ 
signs for new plant and equipment is that the in¬ 
digenous manufacturers have not yet gained ex¬ 
perience with their full present range of manu¬ 
facture before embarking on a programme of 
extension of their range of manufacture. A case 
in point would be development of designs for 
large thermal generating units of capacities 300 
MW and higher. The power systems would 
understandably be reluctant to accept units of 
higher capacities which may be newly develop¬ 
ed by each manufacturer, as the financial stakes in 
their proper, safe and economical working are 
very high indeed. On the other hand, the indi¬ 
genous manufacturers must get an opportunity to 
extend their range of manufacture on their own 
without being tied up to foreign collaboration for 
every change or extension of the purchased 
designs. This matter has been considered at great 
length by the Study Group. It appears that one 
practical way of dealing with the situation would 
be as follows: — 

6 . Supposing on the basis of the future needs 
of the country, the indigenous manufacturers 
decide to develop a 300 MW generating set on 


their own, the Electricity Supply Industry should 
make available to the manufacturers their think¬ 
ing in respect of the requirements of such sets in 
regard to their specifications etc. from the pur¬ 
chaser’s viewpoint. Through the good offices 
of the CWPC/CEA, it should also be possible to 
decide some site where an experimental set could 
be installed in the first instance. With close col¬ 
laboration of the manufacturing units and the 
Electricity Supply Industry, a proto-type should 
be designed, manufactured and installed at the 
selected site. The manufacturing unit should 
undertake to do this work as a part of the product 
design work (as is required of any manufacturer) 
on his own expense and ^initiative. The power 
system should make every facility available for 
installation and subsequent testing and commer¬ 
cial operation of the set as a part of the power 
system. After gaining experience with the work¬ 
ing of the set and carrying out any requisite fur¬ 
ther developments in the designs and various 
sub-systems, it should be possible to have the 
newly developed set working in a satisfactory 
manner. Depending on its performance in re¬ 
gard to reliability, efficiency, etc., the power 
system should then agree to purchase the set at 
a mutually negotiated price. Such an arrange¬ 
ment, would prove beneficial to both the manu¬ 
facturer as well as the Power Supply Industry and 
it is believed that it is in this manner that further 
technological advance can be achieved. This is 
only an illustrative example, needless to say simi¬ 
lar process would apply for the development of 
other equipment also. 
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SECTION 2 


IMPORT OF SPARES FOR OPERATION 
AND MAINTENANCE OF POWER 
SYSTEMS—PROCEDURAL DELAYS 
AND DIFFICULTIES 


1. Non-availability of adequate spare parts 
in time has figured as an important element in 
reduced availability of power plant and equip¬ 
ment as well as operation in an inefficient and 
at times unsafe manner. Almost all the plant 
and equipment presently in commission is import¬ 
ed. The spare/replacemtnt parts for these are 
mostly of a proprietary nature and have to be 
imported. The indigenous manufacturers have 
tight delivery position for the supply of main 
generating plant and equipment. They, therefore, 
show little interest in producing odd bits of spare 
parts. As a result of this, even a number of 
minor and fast moving spares are not being pro¬ 
cured indigenously. It is, therefore, certain that 
at least some imports of spares will have to con¬ 
tinue over the life of the presently installed plant. 
With the difficult position regarding foreign ex¬ 
change, these imports involve certain procedures 
for sanction and release for foreign exchange and 
issue of import licences. These procedures at 
times involve delays and difficulties which may 
be frustrating and costly. 

1.1 An analysis has been made of the cases 
received by CW&PC, during 1969 for import of 
spares for power systems. A total number of 
427 cases were received during the year. Of these, 
338 cases were given control numbers (in other 
words these cases were considered as complete) 
and in the remaining cases, correspondence was 
in progress with the State Electricity Boards/ 
Project Authorities. Foreign exchange was 
released (out of 338 cases) for 257 cases. For 
the remaining cases, references were pending in 
DGTD Office/Project authorities for clarification 
and partly in CW & PC. The total value of cases 
received was over Rs. 2 8 crores. The foreign 


exchange which was released accounted for Rs. 
2 0 crores of which release under free resources 
was about Rs. 0-5 crore. Balance releases were 
under various available credits. Out of the cases, 
both complete and incomplete, for which foreign 
exchange totalling to about Rs. 0 8 crore was 
not released, it was noticed that free resources 
releases agreed to in all cases would account for 
0 5 crore (the balance of about Rs. 0 3 crote 
would have had to be covered under the available 
credits etc.) It is also interesting to note that total 
number of emergent cases received during 1969 
calendar year were only five which involved 
foreign exchange to the extent of Rs. 10 8 lakhs 
■—of which Rs. 8; 5 lakhs were released against 
available credits and releases under free resources 
for Rs. 2 • 3 lakhs only. 

2. Project authorities invite tenders or obtain 
quotations from the original suppliers wherever 
the spares to be procured are of a proprietary 
nature. On the basis of these quotations, they 
forward their request for the release of foreign 
exchange to the Central Water & Power Commis¬ 
sion together with a list of goods. On scrutiny, 
if the C.W. & P.C. finds that the listed spares 
are covered under general clearance issued by the 
Director General erf Technical Development 
(which is an annual feature) no reference is made 
to the D.G.T.D. However, where it is found that 
the general clearance given by the D.G.T.D. does 
not cover all the items included in the list of goods, 
specific references are made to the DGTD for 
obtaining indigenous clearance. The list of spares 
together with the values is also referred by the 
Foreign Exchange Directorates to the Specialis¬ 
ed Thermal and Hydro-Electric Directorates and 
their comments obtained regarding essentiality or 
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otherwise of allowing the import of the spares in 
question. 

3. The DGTD have given general clearance 
from indigenous angle for procurement of spares 
of the following categories: — 

(a) Spares for boilers, turbines, diesel gene¬ 
rating sets and all types of mechanical 
equipment; 

(b) Spare parts for electrical machinery and 
switchgear/equipment in operation 
which form proprietary items and have 
to be obtained only from the Suppliers 
of the original equipment and without 
which the equipment cannot be kept in 
working condition, excluding restrictive 
sizes of ball bearings. 

4 . As stated above, for items which do not 
come under the general clearance, individual re¬ 
ferences are made to the D.G.T.D. References 
have also to be made, irrespective of general clear¬ 
ance, to DGTD, if the value of spares involved 
is substantial and items like pumps, bearings, in¬ 
struments etc. are included in the list of goods. 
The Project Authorities are also required to 
furnish a certificate when sending their proposals 
stating that no banned items are included in the 
list of goods to be imported. Generally, the time 
taken by the DGTD for clearing the list of goods 
from indigenous angle varies from 2 to 6 weeks, 
depending upon the items involved. In certain 
cases, time taken may be even more. A few 
sample cases are given in Annexure 5-3. It would 
be seen that in some cases, the delays have been 
as much as nearly two years. Another point of 
interest is that in almost all these cases, the whole 
list of goods' was cleared by the D.G.T.D ulti¬ 
mately but a lot of delay had already occurred. 
The non-availability of spares in time seriously 
affects the operation and maintenance of the 
power stations. Most of the areas in the country 
are today suffering from shortage of power and 
if they are not able to run even the installed sets 
properly, supply of power further suffers great¬ 
ly, causing substantial loss of revenue, loss of 
industrial production and inconvenience to the 
consumers. In this connection, a note recorded 
by the Chief Electrical Engineer, D.V.C., is at¬ 
tached as Annexure 5-4. Similarly, experience 
of U.P. State Electricity Board in specific cases 
is cited at Annexure 5-5. It would be seen from 


the list of goods cited by him that for want of 
spares which have still not been procured, instru¬ 
ments and controls for which the spares are in¬ 
tended, are not working satisfactorily. Without 
proper maintenance of the relevant controls, it 
would be unsafe to operate the boilers at their 
rated full load capacity. For want of spates for 
ash water and raw-water pumps, the pumps can¬ 
not be maintained properly and their failure af¬ 
fects power generation. 

S. Sometimes, the D.G.T.D. suggests that the 
project Authorities should approach some indi¬ 
genous manufacturers and then the CW & PC 
have to write back to them for doing the need¬ 
ful. Experience has shown that the indigenous 
manufacturers referred to by the D.G.T.D. are 
generally unable to quote for the supplies and 
then after considerable delay, reference is again 
made to the D.G.T.D. 

5.1 During these clearances from D.G.T.D. 
and issue of import licence, it has been notic¬ 
ed that in a large number of cases the validity 
of the offer had expired. In obtaining an ex¬ 
tension of validity of the offer, the project autho¬ 
rities found that the suppliers have increased their 
prices anywhere from 10% to 30%. Unfortuna¬ 
tely, if the spares are of proprietary nature, this 
extra incidence due to delays has to be borne 
by the project authorities and additional foreign 
exchange has to be released by the Government 
of India by again making references to the Mini¬ 
stry of Irrigation and Power/Finance etc. 

5.2 In the case of U.S. Aid Non-Project 
Loan, after the release of foreign exchange, the 
Project Authorities have to follow the U.S. Aid 
procedure. Where the cases are of a proprietary 
nature, the C.W. & P C. obtains a waiver from 
the local U.S. Aid Authorities for not following 
the Small Business Notification procedure. How¬ 
ever, where the supplies cannot be termed as 
proprietary, the Project Authorities have to in¬ 
vite tenders by giving notice to the Office of 
Small Business either directly or through ISM, 
Washington. To that extent, the foreign exchange 
released earlier is to be treated as only initial 
release. In case, on the basis of actual tenders 
after following Small Business Notification, the 
foreign exchange required is higher, a fresh 
reference has to be made to the .Ministry of 
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Irrigation and Power, who in turn refere the case 
to the Ministry of Finance before the revised 
foreign exchange is issued. 

6. As already stated, it is most important 
that the power plants in the country are run at 
the highest availability and efficiency when we 
are suffering from shortage of power. It has, 
therefore, to be seen as to what steps should be 
taken to avoid delays in procurement of spares. 

6.1 In 1965, the Mathur Committee appoint¬ 
ed by the Government of India gave certain re¬ 
commendations for streamlining the procedures 
and delegating powers to the various State Elec¬ 
tricity Boards/Project Authorities. These recom¬ 
mendations, in so far as they relate to the pro¬ 
curement of spares for maintenance and opera¬ 
tion of power systems, were as follows:-— 

(a) The State Electricity Boards/Project 
Authorities should be placed at par with 
public sector projects and separate unit- 
wise allocation of foreign exchange 
should be made to them by the Mini¬ 
stry of Irrigation and Power. 

(b) CWPC should act exactly as the DG 
TD do in the case of actual users in the 
private sector. 

6.2 The procedure for issue of import licence 
in the case of public sector projects was that they 
should approach CCI&E direct in so far as their 
requirement for spares were concerned and the 
Mathur )Committee accordingly had suggested 
that in the case of State Electricity Boards also, 
this procedure should bo followed. The Govern¬ 
ment while accepting these recommendations 
stated that the CW &PC should undertake ex- 
post-facto check on a selected basis in regard to 
the items actually imported by the State Electri¬ 
city Boards /Project Authorities. It was further 
specified by the Mathur Committee that even if 
the objective of delegating effective powers to the 
projects through the various measures is not con¬ 
sidered immediately feasible in view of the pre¬ 
sent extreme scarcity of foreign exchange, it 
should be accepted as the desirable goal and the 
aim should be to reach this goal as soon as it is 
feasible to do so. In that event, the whole ques¬ 
tion should be reviewed periodically—say once 
in six months—at the time of allocating foreign 
exchange to see whether any or all the recom¬ 


mendations not considered feasible at the present 
moment should be accepted and implemented at 
that time. 

7. Previously, the State Electricity Boards 
etc. could make applications direct to CCIE for 
spares for a value of Rs. 4,000 per year for 
import of emergent requirements of spares. At 
the time of the last Conference of the Chairmen 
of the State Electricity Boards held in 1970, this 
limit was raised to Rs. 10,000 per year for each 
unit of the State Electricity Board. Even though 
this is a considerable improvement on the earlier 
procedure, it is not likely to go a long way in 
solving the problem of procurement of major 
spare parts in time. It is appreciated that it may 
be difficult to give all the powers to the State 
Electricity Boards for import of ^spares as, in a 
majority of cases, the foreign exchange has to be 
released under various loans/credits. 

8 . The CW&PC is authorised to release free 
foreign exchange for spares upto Rs. 3 lakhs in 
individual cases without any reference to the 
Ministry of Irrigation and Power, if allocated 
foreign exchange is available. However, where 
the spares are to be procured from the available 
credits, for example, U.S. Non-Project Loan, West 
Germany Credit, U.K. Credit etc., a reference has 
to be made by the CW & PC to the Ministry 
of Irrigation and Power who in turn forward the 
papers to the Ministry of Finance for their speci¬ 
fic approval for release under the various credits. 
Where the value of spares is higher than Rs. 3 
lakhs, the case is referred by the CW & PC to 
the Ministry of Irrigation and Power, who have 
got powers to release foreign exchange in indivi¬ 
dual cases upto Rs. 10 lakhs from free resources 
(However, such requests are few). 

9. The following steps are suggested for ex¬ 
pediting procurement of spares in so far as D G. 
T.D. and CW&PC are concerned: — 

9.1 It is seen that generally where a reference 
to D.G.T.D. is not involved, release of foreign ex¬ 
change by CW&PC/Ministry of Irrigation and 
Power is done with a reasonable time. Abnormal 
delays occur in most of the cases referred to D.G.T. 
D. The Mathur Committee had recommended that 
the procedure should be reviewed' periodically. 
Experience has also shown that after protracted 
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correspondence and delays, ultimately the list of 
goods proposed by the Project Authorities was 
cleared by the D.G.T.D. from the indigenous 
angle. It is, therefore, suggested that the CW & 
PC should keep with them all the information 
about indigenous manufacture of spares and re¬ 
lease foreign exchange on their own without any 
reference to the D.G.T.D. Where in particular 
cases, the CW & PC may have some doubts, one 
of their officers should discuss the matter with 
the concerned officers in the D.G.T.D. instead of 
entering into long correspondence and then the 
CW&PC should take action about the release of 
foreign exchange. For this purpose, a special 
liaison cell should be created in the CWPC and 
the concerned officer should be provided with 
proper facilities for conveyance etc. 

9.2 The State Electricity Boards/Project 
Authorities should be advised to review the posi¬ 
tion regarding spares every quarter and take 
anticipatory action so that proposals regarding 
release of foreign exchange and issue of import 
licence are processed well in time. It is seen that 
emergency spare cases are few and the majority 
of the cases are in regard to normal wear and 
tear of various components. The Project Autho¬ 
rities should prepare detailed list of such spares 
periodically on the basis of their past experience 
and indicate their projected requirements year by 
year. These lists should be scrutinised and co¬ 
ordinated by the C.W.&P.C. Public Sector Heavy 
Electrical Manufacturing Factories of Bhopal 
Tiruchi, Hyderabad and Hardwar should be re¬ 
quested to take steps for their manufacture 
We must organise ourselves for the manufacture 
of spares in the country itself so that before long 
import is not to be resorted to. It may also be 
mentioned that manufacturers have a good margin 
of profit in the supply of spares and this will be 
to the advantage of the indigenous electric sup¬ 
ply manufacturing undertakings. Till the manu¬ 
facture is organised in the country, the Heavy 
Electrical Factories should give the clearance to 
import without delay. 

9.3 The Government of India has taken a 
policy decision that in future the generating plant 
and equipment would be manufactured in the 
country by the above public sector undertakings 
and no import would be allowed. In this con¬ 
nection, it has to be mentioned that for the manu¬ 


facture of the generating plant, these undertak¬ 
ings have to import various components of a large 
value. If these factories are not able to manu¬ 
facture these components, it is clear that all the 
spares in regard to the same would also continue 
to be imported till such time as these can be 
made in the country. The responsibility for im¬ 
port of such components should be assigned to 
these public sector undertakings and they should 
be asked to assure in future supply of spares for 
the generating plants supplied by them. 

10. Issfue of Import Licences by the Chief Con. 
troller of Imports and Exports): 

10.1 The import licence applications are for¬ 
warded by the CW & PC/Ministry of Irrigation 
and Power, depending upon the authority who 
has released the foreign exchange; to the Chief 
Controller of Imports and Exports. It is noticed 
that normally CCI&E takes between 4 to 8 weeks 
for issue of an import licence. ^However, abnor¬ 
mal delays occur in some easesi and a few exam¬ 
ples are given in Annexure 5-6. CW&PC is also 
not able to assist the Electricity Boards etc. in 
the matter as before. Formerly, the CW&PC 
had a special officer known as Liaison Officer for 
this purpose. He used to expedite the cases in 
the Office of the CCI&E etc. by personal con¬ 
tact, furnished any clarifications required at 
various levels on the spot and greatly helped in 
getting the import licence issued quickly. The 
above arrangement is however, no longer possible 
as the Liaison Officer is now permitted to con¬ 
tact only the Deputy Chief Controller in the office 
of CCI&E. In this set up, the D.C.C. verifies the 
position of the case and intimates the same to 
the Liaison Officer after a few days. Thus a 
delay of several days is introduced. Further 
any clarifications required by the Office of the 
CCI&E cannot be furnished in the course of these 
interviews and this means further loss of time, 
leading to undue delays in the issue of import 
licences. 

10.2 Another difficulty which is being felt 
is that while revalidating the import licence, the 
CCI&E sometimes raises the issue that the old 
D.G.T.D. clearance should be got revised in res¬ 
pect of the fact that the orders have already been 
placed by the Project Authorities after due re¬ 
lease of foreign exchange. In certain cases, these 
licences are in respect of generating plant and 
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equipment, the import of which has now been 
banned by the Government of India. The DGTD 
do not give any clearance in such cases and a 
reference has to be made to the Committee of 
Economic Secretaries for getting such cases clear¬ 
ed and for which revalidation has been asked 
for from the CCI&E. There are instances where 
an equipment has already been received but the 
CCI&E refuses to revalidate the import licence 
and insists on the formalities, viz., reference to 
the Committee of Economic Secretaries being 
completed. Sometimes when a fresh reference 
is made, the DGTD suggest deleting some items 
which were originally cleared by them and for 
which orders had already been placed, special 
efforts then have to be made by the CW&PC to 
get these items recleared from the DGTD. This 
is time consuming and irritating as it does not 
seem to serve any purpose. 

10.3 During this clearance from the DGTD 
for issue of import licence, it has been found that 
in a number of cases, the validity of the offer had 
expired and when asked by the Project Authori¬ 
ties to extend the validity, the Suppliers increase 
the prices considerably, sometimes varying from 
10% to 30%. If the equipment or spares are of 
a proprietary nature, this extra expense due to 
delays has to be borne by the Project Authorities 
and additional foreign exchange then has to be 
released by the Government of India thus r caus¬ 
ing unnecessary burden on the scanty foreign 
exchange resources. 

U- In its - recommendations, the Mathur 
Committee had suggested that CCI&E should 
normally issue the import licence within 2 weeks 
of its receipt of the complete papers including 
treasury challan. In regard to the revalidation 
of the import licence, the Mathur Committee had 
recommended that if the applicant had made 
commitments during the initial validity period of 
the import licence, CCI&E should dispose of the 
application on merits without reference to the 
CW&PC, but if the applicant had not made any 
commitments, the application should be referred 
to CW&PC for advice and then dealt with further. 
The Mathur Committee had also stated that where 
the amendments in the import licence applica¬ 
tion form sent for revalidation are of a minor 
nature the application should be made direct to 
CCI&E by the Project Authorities, but where the 


charge in value or description of goods was invol¬ 
ved, the application should be routed through CW 
& PC. 

12. To avoid delays in the issue of import 
'licences which in turn result in delay in work 

and increase in prices, as well as increased period 
of outages of the generating plant and equipment, 
the following suggestions are made: — 

12.1 An Officer of the Ministry of I&P/' 
CW&PC should be attached to the Office of the 
CCI&E and authorised to deal with the import 
licence application forms relating to Irrigation and 
Power Sector. It would be recalled that some 
years back, a lot of difficulties were experienced 
in allocation of steel for the various projects by 
the Iron and Steel Controller and to overcome 
the same, an officer of the CW&PC was attached 
to the Office of the Iron and Steel Controller in 
the rank of Deputy Director and the undue diffi¬ 
culties about the allocation of steel then disap¬ 
peared. The same procedure is now suggested 
for expediting the issue of import licences which 
should be issued within two weeks. 

12.2 In cases where firm commitments have 
been made by the Project Authorities after indi¬ 
genous clearance of the D.G.T.D. and release of 
Foreign Exchange, and issue of import licence, 
no objection should be raised at the time of re¬ 
validation of import licence. This should be done 
as a matter of routine by the CCI&E within a 
week. The Project Authorities may record a 
certificate to the effect that firm commitments on 
the basis earlier approved by the Government of 
India have already been made by them and such 
applications may be sent direct by them to the 
CCI & E under advice to CW&PC. As our policy 
is to manufacture more and more equipment and 
spares in these in the country the number of such 
cases will keep on decreasing with time. Any back 
reference should be addressed by the CCI&E to 
the C.W.&P.C. whose recommendations should 
be accepted’. 

13. It will be seen from the foregoing that 
the various procedures which have been devised 
with the intention to minimise costly imports and 
to conserve Foreign Exchange have, in the case 
of power supply industry,, become very cumber¬ 
some, unwieldy and time consuming. This is 
defeating the very purpose of their existence and 
as a result the foreign exchange expenditure often 
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increases. Moreover, there is considerable eco- ed that at least the above suggestions may be 

nomic loss to the Nation by way of reduced power adopted and implemented immediately. A fui- 

and energy availability for the industries and ther basic review of these procedures may be 

agriculture. It is, therefore, strongly recommend- attempted as a part of the administrative reforms. 
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SECTION 3 

METHODS OF MEETING PEAKING LOADS 


1. In all power systems there is a percen* 
tage of time during the day when the maximum 
demands in various spheres of utilisation, are 
simultaneous, thus giving rise to what is called 
peaking in a daily load curve. The duration, 
frequency of occurrence and intensity of peaks 
vary with different power systems, due to types 
of utilisations. The peaking demands can be 
met by one or more of the following : 

(1) Hydro-electric units in the system. 

(2) Pumped-storage hydro-electric units. 

(3) Gas turbines. 

(4) Package diesel units. 

(5) Two shift operation of thermal units. 

(6) Integrated regional grid operation. 

(7) Specially designed thermal units to ope¬ 
rate under incremental loads. 

(8) High pressure heater by-passing in ther¬ 
mal units. 

(9) Operation of thermal units under vari¬ 
able pressures. 

(10) Low frequency operation during peak 
periods. 

(11) Mill control in thermal units. 

2. Each of these is discussed below in so far 
as application limitations are concerned : 

(1) Hydro-electric units are essentially suit¬ 
able for peaking duty in as much as it 
can be started and fully loaded in a few 
minutes. But its application is limited 
in systems mainly or preponderantly 
thermal in regions where hydro-electric 
power potential is limited. 


(2) Pump-storage hydro-electric units are 
ideal as these can not only meet sub¬ 
stantially the peaking demands but also 
even out to a large extent the low loads 
during nights by operating these units 
as pumps drawing about 1.5 times of 
the ^generating capacity. The sizing of 
the units can be determined from peak¬ 
ing requirements and economical stor¬ 
age facilities on the downstream of the 
power house. However, its application 
is also limited in as much as economi¬ 
cal installation of pumped-storage units 
depends, mainly on topography and 
other feature like discharge for other 
purposes than power generation. In 
high heads installations this tends to 
be economical but in run of river 
schemes utilising medium and low heads 
the cost of downstream storage facili¬ 
ties may become prohibitive. 

In respect of both (1) and (2) above, ano¬ 
ther limitation is imposed on their application in 
the sense that where seasonal rivers are concern¬ 
ed hydro-electric units can operate as peaking 
plants during non-monsoon months only as dur¬ 
ing monsoon most of those rivers carry so much 
flow that it would be uneconomical to run these 
units at other than base load. 

(3) Gas turbines constitute a popular me¬ 
thod of supplying peaks and in recent 
years have undergone extensive deve¬ 
lopment. Its usage in India has so far 
been restricted to areas where natural 
gas is available. It can however be 
used at other places also with oil as 
fuel. It can pick up rated load in 
about 2 minutes from spinning and 20 
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minutes from standstill. It is a com¬ 
pact unit and can be installed in crow¬ 
ded localities. This feature is utilised 
by locating a few gas turbine sets at 
important load centres which leads to 
economy in transmission facilities 
and advantage in meeting individual 
peaks at these centres all of which may 
not occur at the same timing. 

(4) Package units run with diesel are also 
used for peaking demand, which has 
to be small due to limitation in size of 
available package units. These also are 
compact units and can be located at 
various load centres for advantages 
mentioned under gas turbines. 

(5 ) As load during the night is consider¬ 
ably less than the load during peak and 
other day time, a preponderantly thermal 
system finds it difficult to maintain ope- 
' ration of the units during night hours. 
This thermal units on basis of two-shift 
operation, in the U.K. and other places. 
This no doubt imposes frequent start¬ 
ing and stopping operations having ad¬ 
verse effect by way of wear and tear 
and overall life of the plant. 

(6) Assuming that dry period flow pattern 
for hydro-electric stations in a system 
is favourable (its energy content equi¬ 
valent to the energy content in the top 
portion of the load curve for the capa¬ 
city of hydro units) there is no difficulty 
in meeting peak demands during dry 
months from the hydro-electric units. 
That assumption is not always correct 
nor there may be enough hydro-electric 
capacity to meet the substantial part of 
peaking demands. In these circum¬ 
stances, other units in the system, i.e., 
thermal have to meet the peaking de¬ 
mands. Not all power systems in India 
have proper combination of thermal 
and hydro units, as nature has not pro¬ 
vided such possibilities. But the situa¬ 
tion can substantially change if integrat¬ 
ed regional grid operation is resorted 
to whereby the hydro-thermal genera¬ 
tion could serve more than one system 
in the region or even hydro generation 
of one region helps systems of another 
region. 


(7) to (9) Thermal units with built-in- 
incremental capacity are a new trend. 
Peaking capacity is obtained by modi¬ 
fying the conventional unit and steam 
cycles to varying degrees and encroach¬ 
ing upon normal design margins. The 
modifications involve (1) running the 
units at higher throttle pressures thus 
increasing inlet and exhaust flows, (2) 
operating the units with two top heaters 
out while maintaining the same throttle 
flow, (3) designing the exhaust for 
maximum flow under higher throttle 
pressures and with two top heaters out 
of service. These can achieve an incre¬ 
mental capacity upto about 30%. No 
doubt the cost of turbine becomes 
higher, but this also involves additional 
cost for larger boiler capacity, additio¬ 
nal capacity in the cycle equipment, 
generator and its step-up transformer, 
etc. Nevertheless, there will be a sub¬ 
stantial saving in such installations over 
conventional thermal units of similar 
capacity from the viewpoint of equip¬ 
ment cost and cost of civil and structu¬ 
ral works. 

(10) A power system can be operated at re¬ 
duced frequency, subject to any limita¬ 
tions imposed on its thermal units 
whereby the loads at the consumer ends 
are reduced marginally. This was done 
in the U.K. immediately after World 
War II when the increased load demand 
could not be matched by generation 
capacities available. Such operation 
over continuous duration has some de¬ 
leterious effects on the generation capa¬ 
cities. Such operation could be utilized 
to meet peaking capacity for short dura¬ 
tion. This is possible if a power sys¬ 
tem is run independently where fre¬ 
quency control can be effected as neces¬ 
sary. 

(11) Most of the present day thermal units 
are equipped with pulverised fuel fired 
boilers and each boiler is generally pro¬ 
vided with three or more pulverisers. 
Without changing the basic steam para¬ 
meters, if possible to bring in or cut 
out one or more mills and increase or 
decrease load of the unit over a substan- 
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rial ranges—the lowest-limit being that 
load at which the furnace stability can 
be maintained without secondary fuel 
support. For example, provided all the 
mills for full load are available in ser¬ 
vice, a 140 MW can be operated 
without oil support at loads 65 MW to 
140 MW. This feature when backed 
up by proper instrumentation and con¬ 
trol can substantially meet the peaking 
demand—no doubt at low load opera¬ 
tion, its efficiency will have to be partly 
sacrificed. This does not involve any 
additional cost but calls for more ope¬ 
rating duties on the part of operators of 
such thermal units meeting peak de¬ 
mands. In order that over-all gene¬ 
ration efficiency Is kept high, it is impe¬ 
rative that smaller and older thermal 
units are given peaking duties while 


high efficiency newer plants are run at 
base loads. This type of control is 
practised in preponderantly thermal 
systems where separate peaking capacity 
is not installed. 

3. Apart from these means of meeting sys¬ 
tem peak demands, methods have to be employ¬ 
ed for diversification of load to even out the load 
curve by introduction of restriction on users and 
of preference tariff for off-peak hours loads. 

4. In a developing country like, India, 
where limited capital requires diversification into 
many fields of activities to promote country’s 
overall welfare, installation of separate peaking 
units or creating incremental peaking capacity 
in conventional thermal units by investing addi¬ 
tional capital should be considered only after 
exhausting all other means as stated above for 
meeting peak demands. 
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SECTION 4 


TROUBLES IN ELECTRICAL EQUIPMENT 
IN POWER STATIONS 


Faults in electrical equipment have resulted 
in loss of plant availability and power genera¬ 
tion. It is, therefore, necessary that electrical 
equipment is carefully selected, installed and 
operated. This aspect is discussed briefly as 
follows, 

1. Large motors: 

In modern thermal power stations, auxiliary 
motors are of high capacity with heavy starting 
current. This is particularly significant in case 
of boiler feed pump motors which generally are 
the largest amongst all the motors in a Station. 

1.1. The starting current of these motors can 
be anywhere from 5 to 8 times the full load 
current. Therefore, every start puts quite a strain 
on the winding insulation. The accepted practice 
now is to delay the restart of motor till it comes 
to rest after the motor trips. Such restarts should 
be limited to one only and there should be a 
time gap of at least 2 hours for the motor to 
cool down after the first hot restart. 

1.2. In view of this, great care needs to be 
taken while specifying these motors and suitable 
instructions are required to be given to the ope¬ 
rating personnel. Any failure to take precaution 
in the manufacture or during operation is likely 
to lead to insulation failure of the motor wind¬ 
ings. Industry or humid atmosphere, completely 
enclosed motors should be specified so as to 
effectively prevent ingress of moisture or coal 
dust. Quite a few motor insulation failures have 
been reported on account of these two factors. 

1.3. In our country, repair of such large 
motors takes a long time due to lack of avail¬ 
ability of replacement coils which have to be 


specially made in each case. It is, therefore, pre¬ 
dent to have a spare motor, for each set of 
motors to enable the repair to the damaged 
motor to be carried out without impairing the 
capacity of the generating unit. This is even 
more true of motors which, during operation, 
require hot restarts as in case of boiler feed 
pumps and coal mills. 

2. Generators': 

Electrical faults on generators have been 
rare. Due attention should be given to surge 
protection of the generator and earthing of the 
neutral to minimise possibilities of damage. Only 
one instance has come to notice recently where 
a very old hydro generator was possibly damaged 
by lightning, otherwise, performance of generators 
electrically has been quite satisfactory. Close 
attention should, however, be paid to proper 
maintenance practices such as cleaning of the 
winding, keeping it heated during non-operating 
periods etc. 

3. Transformers: 

Proper selection of transformers for power 
stations is very important. The number, vector 
group of the windings and the capacity of each 
type of transformer should be carefully evaluated 
consistent with economy and the reliability and 
flexibility of the electrical system in a power 
station. Transformers of proven design over a 
number of years should be chosen. Proper at¬ 
tention to the handling and laying of various 
high voltage and low voltage cables connected 
to the transformers is very important, as there is 
every likelihood of faults developing in these 
cables from time to time, thereby jeopardising 
the generating capacity of a station. 
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3.1. For hydro power stations the transfor¬ 
mers are mostly of water-cooled type, this is 
due to the fact that water cooled transformers 
are compact in size, hence more suitable for 
transportation to remote locations. Moreover, 
the availability of water is also a determining 
factor in case of transformers for hydro power 
stations. The instances of failures of transfor¬ 
mer windings even of very large transformers 
have been relatively high. These have been due 
to a variety of causes such as over voltages of 
atmospheric or system origin, inadequacies or 
defects in cooling systems, ingress of water from 
the cooling system. Damage to cooler tubes of 
both transformers and generators have come to 
notice very often and points to the necessity of 
manufacturers giving greater attention to choos¬ 
ing materials suited to quality of cooling water 
actually available. Failure of coolers has quite 
often been responsible for fairly long forced out¬ 
ages. It should be ascertained that the cooling 
water used is free from suspended matter thereby 
avoiding erosion of the cooler tubes. Further it 
should be ascertained that inadvertent high pres¬ 
sure is not allowed to impinge on the cooler 
tubes. Suitable surge tanks should be installed 
to absorb the effects of water hammer. 

3.2. In a number of cases, faults originating 
from the transformers taps have taken place. It 
is important that the design and quality of manu¬ 
facture of transformers installed at power stations 
and major substations be of the highest order. 
The maintenance personnel should strictly follow 
the procedures for checking and maintenance of 
oil and keep careful watch over temperatures 
etc. so that defects could possibly be noted be¬ 
fore growing to proportions of major damage. 
Buchholz or similar relays, in fact, form the most 
important safeguard for the transformer, the same 
should be kept ia proper working order and its 
performance carefully logged. 

4. Protection against lightning and transient over 

voltajges: 

For purposes of protection from lightning 
and transient over voltages it is essential that the 
lightning arrester ratings should be carefully select¬ 
ed keeping in view the duty involved, and these 
are installed as close to the transformer terminals 
as practicable. 

A few instances of failure of lightning ar¬ 
rester have come to notice. In the general case, 
failures arise from wrong application. However 


all cases cannot be fully explained by this and 
may be due to inherent vagaries of lightning phe¬ 
nomenon. It is necessary that performance of 
lightning arrestors be properly monitored to dis¬ 
cover any defective pieces and the insulators kept 
clean especially in areas subject to pollution, 
particularly just before the onset of monsoon. 

5. Circuit Breakers: 

Special care is required to be taken in the 
selection of high voltage circuit breakers for the 
generating units. It is wise to select a breaker 
of proven design over a number of years in simi¬ 
lar local conditions. Particularly in the case of 
air blast circuit breakers, it is quite possible that 
serious trouble may be encountered in the ope¬ 
rating mechanism of the breaker or in the brea¬ 
ker itself due to leakage of compressed air. Re¬ 
liable central compressor for these breakers 
should be provided for the compressed air sup¬ 
ply, and adequate attention should be paid to 
the maintenance and operation of the air com¬ 
pressor. The porcelain insulators of the circuit 
breakers should also be kept clean. 

5.1. Failures of high voltage circuit breakers 
have been rare and generally due to extraordi¬ 
nary causes such as, earthquakes. With the rapid 
expansion of power systems and integrated ope¬ 
ration that are now taking place, it is however, 
important that the adequacy of circuit breakers 
at various points be kept under review and time¬ 
ly action taken to replace breakers wherever 
necessary or to augment its rupturing capacity 
or to make provisions in the system to protect 
the circuit breakers from being subject to exces¬ 
sive duty. The importance of stringent mainte¬ 
nance of the auxiliary and ancillary apparatus 
of this most important item of equipment can 
hardly be over-emphasised. 

6. Outdoor Switchyard : 

Care must be taken in the design of the bus 
bars and its connectors and type of conductor 
used for the same. Adequate care is also requir¬ 
ed during erection of the bus bar connectors as 
otherwise serious trouble may be faced from time 
to time jeopardising generating output from the 
station for several hours. Similarly, careful 
selection of the high voltage isolators are requir¬ 
ed to be made either with local control or re¬ 
mote control as considered necessary for a parti¬ 
cular station. The isolators should have fool¬ 
proof electrical and mechanical interlocks with 
the corresponding circuit breakers. 
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7. Protection and Control: 

7.1. The selection of the ratings of current 
transformers/potential transformers require spe¬ 
cialized knowledge. The ratings and characte¬ 
ristics of the current transformers require to be 
matched properly with the VA burden and cha¬ 
racteristics of the relays. The current transfor¬ 
mers for the high voltage circuit breakers should 
be of reliable make and preferably have double 
secondary windings so that the primary and back 
up protective relays can be connected separately 
to the two windings. This is desirable since, for 
a single secondary winding current transformer, 
any fault in this winding puts both the primary 
and back up protective relays out of commission. 
This is'extremely dangerous in a power station. 

7.2. It is necessary that correct operations 
of the protective relays are tested annually by 
primary injection tests at site so that the relays, 
along with their associated circuits, are tested 
and any abnormality promptly attended to. It 
is also necessary to pay special attention to relay 
settings. These have to be co-ordinated properly 
with the line protective relays as otherwise either 
the generator circuit breakers and/or reserve 
transformer crcuit breakers are liable to trip even 
for a fault on the transmission lines and thereby 
put one or more generating units out of com¬ 
mission. 

7.3. In a large capacity power station, it is 
desirable to have one or more bus section circuit 
breakers with the bus zone differential relay pro¬ 
tection so that, for a fault in any one section of 
the bus, the entire station is not put out of com¬ 
mission. 

7.4. It has been found advantageous to have 
D.C. operated contactor starters for all impor¬ 
tant 400 volts motors in a station so that these 
contactors do not trip out on under voltage for 


'any voltage dip caused by a transient fault in 
the high voltage systems either in the switchyard 
or in the outgoing high voltage lines. 

7.5. The reliability of auxiliary power sup¬ 
plies particularly D.C. supply is of the highest 
importance in ensuring proper operation of the 
station as well as reliable functioning of the pro¬ 
tective gear. In some cases it has been found 
that a modification of the grouping of circuits 
can lead to greater reliability. Close attention 
should be paid to this feature at the time of ini¬ 
tial designs and further review should be taken 
whenever any instance of difficulty or mal-func- 
tioning comes to notice. Power supply for initial 
starting of power station must be fully secured. 
It is of great importance to ensure that all the 
annunciation and alarm systems in a power sta¬ 
tion or substation are maintained to be fully 
opeiational at all times. Deficiencies in this re¬ 
gard have been noticed many times which arise 
from failure of one link or the other of the sys¬ 
tem having remained neglected. It should be 
ensured that annunication and alarm systems are 
adequate for the needs at any particular time 
and it should be kept in full working order. 

7.6. Close attention should also be given to 
proper placing of cables so that these will not 
be subjected to deterioration due to weather or 
some other local causes and can be easily identi¬ 
fied for maintenance purposes. In laying of 
cables it should be ensured that damage to some 
type of cable will not result in injury to other 
cables. Attention should also be given to avoid¬ 
ing inadvertant effects by one type of cables on 
another. Power cables and control cables should 
be laid in separate cable trenches. The cable 
runs should be carefully planned and these should 
be kept away from oil tanks and other inflam¬ 
mable material 
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CONCLUSIONS AND 
RECOMMENDATIONS 


Plant Availability and Utilisation 

1. There is an urgent need to improve 
power plant availability and utilisation. 
For this integrated operation of the 
power systems in every region as well 
as improvement in availability of ther¬ 
mal power plants are necessary. 

2. Modem methods of scientific manage¬ 
ment, particularly operation analysis 
should be introduced immediately and 
utilised increasingly for improving the 
quality of preventive maintenance and 
reducing the plant outage time for main¬ 
tenance. 

3. Separate technical cells for quality con¬ 
trol in operation and maintenance, im¬ 
proving fuel efficiency etc., should be set 
up in each organisation directly under 
the Chief Engineer and in the case of 
Electricity Boards directly under Tech¬ 
nical Members. 

4. Continuous monitoring of the plant 
availability (including partial availabi¬ 
lity) should be introduced immediately. 

5. There should be a system of studying 
the plant availability, causes of outages 
and statistical analysis of availability 
outages on a nationwide basis. This 
may be done through Central Board of 
Irrigation & Power. The system evolved 
by Edison Electric Institute of U.S.A. 
may be adopted for the purpose with 
certain modifications. 

6. A system of voluntary reporting in res¬ 
pect of technical problems of equipment 


failures and operating difficulties should 
be instituted immediately. The systems 
already developed in India as well as 
in U.K. and U.S.A. should be studied 
and common modern system of report¬ 
ing and analysis should be evolved, for 
All-India application. The data collec¬ 
tion may be at the level of individual 
systems or regions, but the analysis of 
incidence »nd sharing of this valuable 
technical evoerience should be on an 
All-India busis. This should be orga¬ 
nised through the Central Water Si 
Power Commission. 

If the above system of voluntary report¬ 
ing of problems does not work satisfac¬ 
torily, statutory regulations making 
compilation and supply of such infor¬ 
mation obligatory should be made. 

Hydro-Electric Power Stations 

7. Each Hydro-electric Project should be 
designed for flexibility of operation and 
the capability to assist optimisation of 
power system performance should be 
built into it. 

8. All new projects should permit (i) sub¬ 
stantial additions to installed capacity 
for enabling low load factor operation 
and (ii) addition of governing and excita¬ 
tion equipment for remote monitoring 
and control and better system perform¬ 
ance. 

9. Design capability for planning engineer¬ 
ing and designing of hydro-electric pro¬ 
jects needs to be built up in a big way. 
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10. Each hydro-electric power station must 
be operated to utilise fully the energy 
potential available at the site from year 
to year and season to season. 

11. Periodical expert inspection and pre¬ 
ventive maintenance must be arranged 
for all the different components of 
hydto-electric projects. 

12. Every effort must be made to maintain 
the instrumentation, control, protection 
and alarm devices in the hydro power 
stations fully operative at all times. 

13. Communication facilities between dif¬ 
ferent portions of hydro-electric project 
should be watched and improved wherc- 
ever necessary from time to time. 

14. In all power stations, special facilities 
as well as equipment and tools and tack¬ 
les required for efficient and rapid main¬ 
tenance operations should be kept avail¬ 
able. 

15. The maintenance and overhaul Of hydro¬ 
electric plants should be carefully sche¬ 
duled to ensure full plant availability 
and utilisation. 

16. Projects older than about 20 years 
should be reviewed from time to time 
to see how the benefits from these could 
be improved by modernisation. 

17. The performance of hydro-electric plant 
and the water conductor system etc. 
should be checked every 2-3 years by 
index methods. The necessary calibra¬ 
tion for the index methods should be 
provided during the initial commission¬ 
ing tests. 

18. A service organisation for the safety of 
water storage structures should be set 
up immediately. Its scope should pre¬ 
ferably cover water conveyance struc¬ 
tures as well, in the case of hydro-elec¬ 
tric works. 

Steam Power Stations 

Efficiency of Energy Generation 

19. The causes of decrease in efficiency with 
increase in energy generation in some 
of the large power stations mentioned 


in section 6, para 4:3 should be investi¬ 
gated. 

20. Studies should be undertaken to see if 
the power stations listed in section 6, 
para 4:5 could not be backed down and 
the energy requirements supplied from 
higher efficiency plants in the region. 

21. Concerted efforts should be made to 
improve the efficiencies of the plants list¬ 
ed in section 6, para 4:3 or to reduce 
their energy generation in favour of 
generation at higher efficiency plants in 
the region. 

Coal Prices 

22. Pit head Coal Prices need to be rationa¬ 
lised on the basis of heat content of the 
coals. 

23. Long term coal contracts should be 
drawn up on the basis of standard form 
to be developed by the Regional Electri¬ 
city Boards. These should cover the 
question of prices as well as the quality 
of the fuel. 

Utilisation of By-products from Coal 
Washeries 

24. The working of existing coal washeries 
should be modified to reduce the ash 
content to 28-32 per cent and also to 
ensure removal of stones and other ab¬ 
rasive material from the by-products 
supplied to the power station as fuel. A 
practical time schedule should be drawn 
up for this immediately. Studies and 
designs for the additional equipment 
and any changes required in the proces¬ 
ses for the above purpose should be 
started immediately jointly by National 
Coal Development Corporation, Hindus¬ 
tan Steel Ltd., Central Fuel Research 
Institute etc. 

25. The future coal washeries should be 3 
stage ones and the ash content of the 
middlings should be restricted to 28-32 
pet cent, and adequate arrangements for 
removal of abrasive material should be 
made. 

26. The factors responsible for erosion 
damage to the boiler plant and equip¬ 
ment should be identified by careful 
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and intensive research through the Cen¬ 
tral Fuel Research Institute and other 
appropriate bodies. Apart from iden¬ 
tification of these factors, this should 
lead to improved supply of fuels and 
also include design and construction of 
boiler plant and appurtenant equipment 
for minimising the maintenance outage 
costs. 

27. Design, construction and materials in 
the boiler plant and its auxiliaries re¬ 
quire considerable further work for 
devising ways and means of operating 
satisfactorily with washery by-product 
fuel. The existings installations should 
be utilised for making field trials of 
different new innovations or designs of 
equipment for this purpose. 

The equipment requiring particular at¬ 
tention is the coal mills, I.D. Fans, lay¬ 
out and arrangements of superheater 
and economiser tubes, design and arran¬ 
gement of burners and ash handling and 
disposal systems. It is recommended 
that indigenous boiler plant manufactur¬ 
ers and manufacturers of appurtenant 
equipment should be asked to tackle this 
■ problem in collaboration with the orga¬ 
nisations owning and operating the exis¬ 
ting, power stations. 

Transportation of coal to Thermal 
Stations—Unit Train 

28. Considering the volume of coal traffic 
for individual large power stations, the 
time is now ripe for the introduction of 
new innovations such as unit trains in 
the matter of transport of coal by rail. 
A study in depth should be undertaken 
for this purpose immediately by the 
Railways jointly with the coal and 
jxtwer station authorities. 

Rationalisation of freight structure over 
short distances 

29. The freight structure for transport of 
coal by rail over short distances under 
50KM should be reviewed and rationa¬ 
lised. 


Petroleum Fuels 

30. The pricing of by-product petroleum 
fuels should be based on the costs of 
Indian crudes instead of on the basis of 
import parity. 

31. Wherever there is possibility of obtain¬ 
ing supplies of petroleum, firm long 
term contracts should be made between 
the suppliers of petroleum fuels and the 
power station authorities. 

32. In the years to come, the by-products 
of refineries will mostly be required as 
industrial raw-material. No large power 
stations should, therefore, be based on 
petroleum fuels alone. Unless the pe¬ 
troleum authorities assure supply of 
petroleum on long term contract basis, 
the siting of the power stations should 
be decided primarily on the basis of 
these being coal burning power stations. 


33. Commitments made regarding supply of 
petroleum fuels to power stations should 
be honoured fully in future also. In 
case of 100 per cent petroleum fuel bas¬ 
ed power stations if petroleum fuels 
are not likely to be available in future, 
these power stations should be given a 
warning sufficiently in advance to enable 
their making alternative arrangements. 
The Power stations should be compen¬ 
sated for the additional costs involved 
on this account. 

34. Oil is essential for supporting for all 
pulverized fuel fired installations and 
its availability in adequate quantities at 
economic price must be ensured for such 
installations. 

Problems of Operation and Maintenance 

35. The thermal power plant equipment 
should be matched closely to the type 
of fuel, cooling water temperature and 
other site conditions. 

36. The working of each power plant instal¬ 
lation should be continuously watched 
for removing any snag at the incipient 
stage and improving the operation and 
maintenance. Full use should be made 
of the experience on similar power 
plants in other parts of the country. 
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37. A number of common problems in ope¬ 
ration of steam power stations discussed 
in the report should particularly be 
avoided by proper action in planning, 
design and operation of the plant. 

Relaxation of Boiler Act Provisions 

38. The Provisions of Boiler Act should be 
modified to permit biennial inspection 
of boilers instead of annual. In fact, 
it may be worthwhile to have a separate 
set of rules and regulations drawn up for 
large project installations of modern 
steam power stations with unit sizes of 
say over 30 MW. 

Ash Disposal 

39. Representatives of the Electricity Sup¬ 
ply Industry and Central Water & Power 
Commission should be invited to parti¬ 
cipate in formulation of regulations re¬ 
garding pollution of air and water 
courses. 

40. Intensive research and development 
work as well as promotional worK 
should be undertaken for utilisation of 
the ash produced as by-product in the 
steam power stations. Organisations 
like Central Building Research Institute, 
Central Road Research Institute, Nation¬ 
al Building Organisation, Cement Re¬ 
search Institute, as well as Indian Stand¬ 
ards Institution and Central Water & 
Power Commission should be brought 
together for devising ways and means 
for utilisation of the fly-ash and bottom 
ash. 

41. Utilisation of ash should be entrusted 
to a non-profit corporation to be estab¬ 
lished co-operatively by the different 
power station authorities in each region. 
This corporation, financed mainly from 
sale of ash, should organise the develop¬ 
ment and promotional work applied 
research work (in different appropriate 
institutes) and the work of marketing 
and disposal of ash from thermal power 
stations. 


Common Problems 

Staffing for Power Plants 

42. The pattern of staffing of the large 
power stations and their appurtenant 
works such as stores etc. should be 
standardized on the basis of parameters 
of the generating sets, their number, 
type of fuel etc. The standardized pat¬ 
terns should be got approved from the 
Government as well as representatives 
of both Management and Labour. The 
scope of work and the responsibility of 
each person should be laid down clear¬ 
ly in the standardised staffing patterns. 

43. The exact requirement of staff for any 
installation in the context of the stand¬ 
ardized pattern mentioned above, should 
be specified by the designers of the in¬ 
stallation. 

44. The staff required for operation and 
maintenance should be sanctioned with 
the finalisation of the design and start 
of construction and in any case at least 
18 months before the expected data of 
commissioning of the first unit. The sanc¬ 
tioned strength should be fully recruit¬ 
ed at the earliest, for purposes of train¬ 
ing on similar installations during the 
year preceding the commissioning of the 
power plant. The full sanctioned 
strength of the technical personnel 
should be in position for gaining an 
understanding of the plant by assisting 
during the Acceptance and Commission¬ 
ing Tests and installation of the major 
plant sub-assemblies. 

45. A separate Generation Cadre should be 
instituted to ensure that adequately 
trained staff is available at generating 
stations. A system of incentives or 
special pay etc. should be introduced 
for the Generation Cadre to attract and 
keep suitable persons. 

Training of Personnel 

46. There should be a requirement prefer¬ 
ably statutory that the O&M staff must 
be qualified by proper training and ex¬ 
perience preferably through some recog¬ 
nized training institutes before being 
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given the full and independent charge 
of the costly and intricate modern power 
station equipment. A system of certifi¬ 
cation of the O&M staff similar to that 
in vogue in the Civil Aviation Industry 
could be adopted. 

47. Refresher Training Courses should be 
arranged for all the technical staff in a 
phased manner so that each person has 
to go through a course at the interval 
of 5-7 years. Even the O&M staff at 
the technical level should be routed 
through other similar systems. 

48. Existing facilities for training of person¬ 
nel for operation and maintenance of 
steam power stations are grossly inade¬ 
quate. 

49. Training of personnel for operation and 
maintenance of power stations should be 
the responsibility of the Regional Elec¬ 
tricity Boards. They should assess the 
requirements and organise adequate 
training facilities including in-plant 
training to suit the requirements pecu¬ 
liar to the respective regions. 

50 For the purpose of certification of com¬ 
petency in operation and maintenance, 
the Centra] Electricity Authority should 
formulate the minimum requirements 
on a nation-wise basis. 

Instrumentation for Power Plants 

51. Special attention should be given to the 
adequacy of control protection and in¬ 
strumentation systems in every installa¬ 
tion. Proper operation and maintenance 
of these systems is of the highest impor¬ 
tance for minimising forced outages. 
Well-equipped instrument laboratories 
should be provided for each large instal¬ 
lation or group of installations. Special 
Instrumentation Cells should be manned 
by highly competent trained personnel 
who should ensure proper functioning 
of the instrumentation system through¬ 
out. 

Documentation 

52. Detailed completion drawings and re¬ 
ports should be available at each pro¬ 


ject, so that all changes adopted during 
construction are properly recorded. 

53. Comprehensive manuals and instructions 
complete with drawings, photographs, 
descriptions etc. must be available for 
each element of power plant installa¬ 
tions. These must cover operation, main¬ 
tenance and instructions for abnormal 
conditions. Sufficient number’ of copies 
must be available for all concerned and 
these must be reviewed and brought up- 
to-date every year. 

Manufacturing and Designing Capability 
of Indigenous Manufacturers 

54. There is an urgent need to develop the 
design capability in the manufacturing 
units, so that the technology acquired 
for plant and equipment is fully utilis¬ 
ed in a manner suiting the Indian con¬ 
ditions. 

55. At the time of commissioning any hydro¬ 
electric project, detailed guide-lines for 
water management, most appropriate 
for the project, should be laid down. 

56. The high cost of plant and equipment 
from indigenous sources causes an un¬ 
due burden on the power systems in the 
country. Equitable methods should be 
evolved for apportioning the heavy cost 
of acquiring new technology among the 
present and future projects. The cost 
of social benefits like new housing colo¬ 
nies, schooling, hospitals and other faci¬ 
lities need not be a charge on the cost 
of plant and equipment for new power 
stations but should be borne by respec¬ 
tive States in which the factories are 
situated. 

Import of Spares 

57. The following should be done to stream¬ 
line the procedure for import of spares 
for operation and maintenance of power 
systems and to eliminate the’ procedural 
delays and difficulties. 

57.1 The clearance of applications from in¬ 
digenous angle should be done by Cen¬ 
tral Water & Power Commission itself. 
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For this purpose, the Directorate Gene¬ 
ral of Technical Development should 
equip the Central Water and Power 
Commission with all the information 
about indigenous availability of spare 
parts, auxiliaries etc. The Electricity 
Boards / Project Authorities should 
adopt modem methods of inventory 
control for dealing with their replace¬ 
ment of spares. In any case the position 
regarding spares should be reviewed by 
them at least every quarter and antici¬ 
patory action taken, so that the time 
normally required for release of foreign 
exchange, issue of import licence etc. 
does not come in the way of proper ope¬ 
ration of the power installations or exe¬ 
cution of projects. A special Cell 
should be created in the Central Water 
& Power Commission and the concern¬ 
ed officer should be provided' proper 
facilities for conveyance etc. 

57.2 Where a number of identical power 
plants have been installed in the country, 
some additional emergency spares, such 
as a spare thrust bearing may be obtain¬ 
ed and kept in common reserve. Such 
common pool of spares, financed co¬ 
operatively by the different power station 
authorities may go a long way in reduc¬ 


ing the loss of energy generation due to 
forced outages. 

57.3 The Chief Controller of Imports & Ex¬ 
ports should give necessary facilities to 
the Liaison Officer of the Central Water 
& Power Commission for expediting the 
cases of issue of import licence for 
spares. This can be done by placing an 
Officer of the Central Water & Power 
Commission in the Office of the Chief 
Controller of Imports & Exports for 
carrying out liaison work. After re¬ 
lease of foreign exchange and indige¬ 
nous clearance Regional Joint Chief 
Controller of Imports & Exports 
should be authorised to issue import 

* licences. 

57.4 Revalidation of import licences in cases 
on which project authorities have enter¬ 
ed into commitments, after clearance of 
the Directorate General of Technical 
Development, should be done as a 
matter of routine by the Chief Control¬ 
ler of Imports & Exports within a week. 
Any back reference by the Chief Con¬ 
troller of Imports & Exports should be 
addressed to the Central Water & Power 
Commission and not to the project 
authorities. 


168 



Power Economy Comniittee 


Annexure 2—1 

Edison Electric Institute—Prime movers Committee Equipment Availability Data Reporting 

Instructions 


A. Euipment Definitions : 

1. Non-header Unit .... 

2. Header Unit. 

3. Major Equipment 

4. Component. 

5. Maximum Dependable capacity (MDQ 


Unitin which a single boileris connected solely and independen¬ 
tly to a given turbine generator. 

Unit in which the turbine-generator is not solely and indepen¬ 
dently connected to single boiler. 

Major group of equipment within a unit,such as, boiler reactor, 
generator, steam turbine, condenser. 

Part within a “major equipment” group, such as : superheater, 
tube, governor, buckets, boiler feed pump. 

The dependable main-unit capacity winter or summer, whichever 
is smaller. 


B. Operation and outage definitions : 

1. Available . 

2. Base Loading . 

3. Cranking Loading 

4. Cycl ing Loading 

5. Economy Outage 

6. Forced Outage .... 

7. Forced Partial Outage 


8. Maintenance Outage 


9. Non-curtailing Equipment Outage 

10. Non-operating Equipment Test . 

11. Out age Cause .... 

12. Peaking Loading 

13. Planned Outage 

14. Reserve Shutdown 

15. Scheduled Partial Outage . 

16. Unavailable .... 


. The status of a unit or major piece of equipment which is 
capable of service, whether or not it is actually in service. 

. When a unit is generally run at or near rated output. 

. When a unit is generally shut down on standby for auxiliary 
power during emergency. 

. Whena uni: is generally run but at aload which varies widely 
with system demand. 

. (See Reserve Shutdown). 

. The occurrence of a component failure or other condition 
which requires that the unit be removed from service im¬ 
mediately or up to and including the very next weekend. 

The occurrence of a component failure or other condition 
which requiresthat theloadon the unit be reduced 30MW 
or more immediately or up to and including thevery next 
weekend. 

The removal of a unit from service to perform work on specific 

components which could have been postponed past the 
very next weekend. This is work done io prevent a potential 
forced outage and which could not be postponed from season 
to season. 

. The removal of a specific component from service for repair 
which causes no reductionin unit load or a reduction of less 
than 30 MW. 

. A scheduled test or required operation of a backup system 
which is not normally operating. 

. A component failure, preventive maintenance or other condi¬ 
tion which requires that the unit or a component betaken 
out of service or run at reduced capacity. 

. WWt aunit is generally shut down and is run only during high 
demand periods. 6 b 

■ The removal of a unit from service for inspection and/or 
general overhaul of one or more major equipment groups 
This is work which is usually scheduled well in advance 
(e.g. annual boiler overhaul, five-year turbine overhaul). 

. The removal of a unit from service for economy or similar 
reasons. This status continues as long as the unit is out but 
available for operation. 

. The occurrence of a component failure or other condition 
which requires that the load ontheunit be reduced 30MW 
or more but where this reduction could be postponed past 
the very next weekend. v 

. The status of any major piece of equipment which renders it 
in-operable because of the failure of acomponent work being 
performed or other adverse condition. 6 
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C. Time befinitiot.i : 


1. Available Hours (AH).The time in hours during which a unit or major equipment 

is Available ; SH + RSH. 

2. Demand Period.The time interval each day which is the period of maximum 

demand on a particular system. 

3. Economy Outage Hours (see Reserve Shutdown The theoretical value of Economy Outage Hours (TEOH) 

Hours). is the difference between Available Hours and Service Hours. 

If the TEOH differs by less than 1% with the Economy 
-— Outage Hours reported at the end of the year they are con¬ 

sidered equal and flagged with Code 1. If the difference is 
more than 1%, butlessthan 10% .they are flagged withCode 
3; but the reported Economy Outage Hours are stillused. 
However, if the difference is greater than 10%, the calculated 
value TEOH is used, and Code 2 is a flag that Economy 
Outage Hours have been derived. 


4. Forced Outage Hours 

5. Forced Partial Outage Hours (FPOH) 

6. Hours Waiting (HW) 

7. Maintenance Outage hours (MOH) 

8. Period Outage Hours (POH) . 

9. Planned Outage Hours 

10. Reserve Shutdown Hours (RSH) 

11. Scheduled Partial Outage Hours (SPOH) 

12. Service Hours (SH) 

13. Unit Years (UY) .... 

14. Work (Manhours Worked) (MH) 


. The time in hours during which a unit or major equipment 
was unavailable due to a Forced Outage. 

. The time in hours during which a unit or major equipment 
is unavailable for full load due to a forced partial outage. 

. That portion of time for any outage during which no work 
could be performed. This includes time fpr cooling down 
equipment and shipment of parts. This is time that could 
not be affected by a change in work schedule or the number 
of men wotted. 

. The tims in hours during which a unit or major equipment 
is unavailable due to a maintenance outage. 

. The clock hours in the period under consideration. (Generally 
one year). 

. The time in hours during which a unit or major equipment 
is unavailable due to a planned outage. 

. Reserve shutdown duration in hours. 

The time in hours during which a unit or major equipment 
is unavailable for full load due to ascheduled partial outage. 

. The total number of hours the unit was actually operated 
with breakers closed to the station bus. 

. This term is the common denominator used to normalise 
data from units of the same type with different lengths 
of service. The following example contains 20 UY of ex¬ 
perience from 4 units. 

A B C D 4 
Years in Service 8 3 7 2 20 

. The total number of manhours worked on or off site to ac¬ 
complish repairs. 


D. Equations : 

1. Average Forced Outage Duration . . . (Summation of FOH) (Number of Forced Outage). 

2. Capacity Factor.(Total Generation in MW—Hr)/(PH x MDC) 

3. Component Outage Severity Index . . . The average number of forced outage hours of a specific 

component per incident. y 

4. Equivalent Forced Outage Rate (EFOR) (for EFOR is calculated as follows : 

each forced partial outage, an equivalent full TE=FPOH (CR/CF) 
load outage duration is calculated toinclude WHERE : 

the effect of partial as well as fullforcedout- TE is equiva'ent forced outage time. 

ages on the forced outage rate). CR is size of reduction or derating from full load. 

CF is rated capacity 
THEN : 

EFOR=l°° (TR-fTES)/(TO-fTF-}-TAS+TPS) 

WHERE l 

TF is total full forced outage time 

TO is iotal operation time at 100% availability. 

TAS is sum of actual forced partial outage times. 

TES is sum of equivalent forced outage times. 

TPS is sum of equivalent scheduled partial operating time 
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5. Forced Outage Incident Rate . . . (Forced Inridents)/(Forced-j-Maintenance-)-planned Incidents) 

6. Forced Outage Rate.FOH/(SH+FOH) 

7. Forced Outage Ratio.FOH/(Total Unavailable Hours) 

8. Operating Availability.AH/PH 

9. OutputFactor . ... . . . (Total generation in MW-Hr.)/(SHx MDC) 

10. Relative Mechnical Availability (RMA) . . Relative Mechnical Availability is a form of Operating Availa¬ 

bility adjusted to show relative effect. The prime assumption 
is that most outage time is affected by work schedules 
and crew sizes. Relative Mechanical Availability uses an 
adjusted Outage Time (AOT) based on effort. Manhours 
worked is a measure of effort whichis reasonably independent 
of work schedules and crew sizes. Manhours worked (MH) 
divided by a standard work force (SWF) gives a derived time 
worked based on effort. If we assume a round-the-clock sche¬ 
dule, then this derived time worked is almost a derived outage 
time based on effort, the difference is the amount of outage 
time which is independent of effort called Hours Waiting (HW). 
See Appendix C-6. An arbitrary assumption of ten men for 
the standard work force gives : 

AOT=HW+MH/10 

Then substituting AOT for outage time in the equationfor 
operating availability gives; 

RMA=(PH—AOT)/PH 

-(PH—(HW+ MH/10)/PH 
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Service for the Safety of Dams 

The functions of the proposed Service will comprise : , 

(1) Review of the overall soundness of design from the structural safety aspect; this wil Iparticularly be done 
with special attention to foundation treatment; river diversion arrangements, construction materials, specifications 
construction schedule and instrumentation. 

(2) Inspection of the dam and allied works under construction as often as necessary with a view to ensuring 
that the spiciacuions and the caiitruction practice followed do not militate against the requirements of the structural 
safety of the dam and that the specifications and construction practices followed are in accordance with accepted or 
acceptable norms; such inspections during construction will also aim at a review of the quality control exercised. 

(3) Athorough pre-commissioning drill covering all elements of the dam and allied features, particularly the func¬ 
tioning of gates and outlet arrangements specially the surplusing arrangement. 

(4) Inspection ofthedamand allied features after the work has been commissioned; this inspection will be mandatory 
once a year for the first few years; thereafter, such inspections may be timed as necessary; it shall be incumbent on 
enginccr-in-charge of a dam to notify the service immediately of any incipient or actual distress at any stage in the 
life of the project. 

(5) The Service will receive and review the data obtained from the instruments embedded in dams and allied 
features. 

\ While the Service is intended to uncover causes and forestall possible failures of dams and allied structuies 
it is not intended to substitute for thecontrol which it is obligatory for a construction and operating agency to have 
in itself. 

It is proposed that the Service attend to dams which are : 

(i) 50 feet or more in height or having a minimum gross storage of 100,000 acre-feet, currently under construc¬ 
tion or to be taken up in the Fourth-Plan period; and 

(ii) in special cases, where the help of the Service may be necessary, even though the structures do not qualify 
under(i). 

Structures ancillary to dams, in so far as their failure will have the same catastrophic result as the failure of 
the dams themselves, will also come under the purview of the Service. 
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Standard Contract Form for purchase of CodljMiddlings 


(Name of Organisation) 


SPECIFICATION NO. 

FOR 

SUPPLY AND DELIVERY OF 
TONNES OF COAL/MIDDLINGS 


BY 

(Mode of Transportation) 

TO 

.THERMAL POWER STATION 


(Month) 


(Year) 


PRICE Rs. 


Designation and address of Officer. 


(inviting tender) 









Report of Stw4y Group 


(Name of Organisation) 


Tender No. 


Dated 


TENDER NOTICE 

Sealed tenders are invited by the. for supply and delivery 

.tonnes of freshly mined ROM.:.mpisture, 

non-coking Gr..... .Coal/Washery Middlings containing not more than 35% ash 

on air dry basis @.tonnes per month by Road/Rail/..... 

Transportation to. 

....Teniers in-triplicate under sealed cover must reach the (Office). 

—..(Organisation).by..(time) . ;_on the. .. 

...(date).. Tenders received after the time and date as specified above will not be considered. No ex¬ 
tension of time for submitting the tenders shall be allowed. 

Copies of the detailed specification and Tender forms may be obtained from the Office of the. 

.on producton of receipt of payment of Rs. 

(Rupees...) per set (not refundable) to the 

Treasury/Accounts Office. p. o.Dist. ..on 

all working days between.(time).No specification will be issued on the date of opening of the (pilfers. 

Outside, Firms may remit the amount by.(any other mode of accepting payment)..... 

Tenders delivered by special messengers shpuld be deposited in the Tender Box kept in the Office of. 

.Nobody is authorised to receive or grant receipt of tenders delivered by hand 

Tenders will be opened by....j n his 

office at.on.at.*.A M. in the presence of the tenderers or 

their authorised representatives who may be present. 

The........(name of organisatjon/Officcr.reserves the right to 

rejectanyor all the tenders partly or wholly, if considered necessary, without assigning any reason whatrceur. 

(Name & Designation of Cfficu invliir ( 2 
the Tender) 
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1. General: 

(a) Teniers are invited from reputable mine/Washery owners (Public or Private Sector) or Coal Supply Contractors 
of adequate resources for supply and delivery of large quantities of freshly mined non-cocking ‘RUN-OF-MINE’ coal or 

middlings ot specified classification by road/rail/.at the coal storage yard of 

Thermal Power Station.(Name of Organisation). f .situated 

in the District of... . 

Tenderers shall furnish sufficient evidence of their ability to maintain full soppy an delivery of the specified large 
qnntitites of coal/middlings. Preference will be given to tenderes capable of supplying the entire quantity of coal/middlings 

as per this specification. Tenders offering delivery less than. tonnes per 

month shall not be considered by the.. 

(hereinafter referred to as.;..V 

The successful tenderer may be required to start supply of coal/middlings by................'.’.(datej. ..... . .....! 


2. Quantity and Rate of Supply : 

(a) The tenderer shall undetake to supply and deliver by. (mode of 

transportation)./to the.Thermal Power 

Station. 

Tonnes gross or the quantity ordered by the .. 

.... . .. in tie Letter of intent of freshly 

mined, ‘RUN-OF-MINE , non-cocking coal/middlings of the quality as specified initem 4, at the minimum guaranteed rate 

of delivery of....tonnes gross per month or the 

quantity ordered by the.(purchaser). !... 

in the Letter of Intent. The daily supply may be.tonnes approximately, 

against as monthly supply of.tonnes. 


(b) The.(Officer/organisation) .*. 

reserves the right to alter the monthly quantity of supply at its own discretion to suit the preveailing circumstances, with out 
affecting the total quantity under Contract. In such cases, the successful tenderer will be given prior notice of a fortnight 
by the.(name and address of Office/Offi cer) .... .. 

3. Source of Supply : 

(a) The tenderer may undertake to supply coal from collieries of his own or from those belonging to others. In any 

event.(purchaser). 

.shall not be deemed to have any dealings with the individual col¬ 
lieries nor shall be responsible for the tenderer’s dealings with them. As far as the.(purchaser). 

isconcerned.it shall recognise only the successful tenderer/tenderers on whom the order shall be placed by virtue of the 
Letter(s) of Intent. 

(b) The tenderer shall clearly state the names ofthecollieriesfrom where heintends to supply coal, their monthly cut put 
for the last six months, expected monthly output, grade allotted to it by the Coal Board, name of the railway and Pilot ty 
which they are served and capacity of their railway siding for loading. 

(c) No coal shall be accepted from any colliery unless supply from the colliery concerned has been approved by the 

.(Name of Officer and organisation).^.The. 

(purchaser).....shall also have the right to inspect at any stage the colliery/collieiies/ 

washeries from which supply is intended to be made or is being made. The supply of approved quantity of coal also from 

collieries otherthan those mentioned inthe tender may be considered by the.(Name of officer/organisation). 

for acceptance only after the result of the fresh analysis of such middlings by the.Name of 

organisation.....Laboratory and/or the.(Name 

of Govt. Laboratory i.e. C. F- R. I.).at.is found 

satifactory. It may clearly be understood that the successful tenderer cannot claim to secure permission to supply coal from 

additional collieries as a matter of right j the decision will rest with the.(Designation of officer) 

.. ..The refusal of such permission shall be no excuse for monthly short-fall, if any. 


(d) The permission, if at all, to supply from additional colleries (in addition to those named in the Letter of Intent 
shill nermilly be granted i.e. between January and March, once, between April to June once and so on. If, therefore, supply 
is desired to be made from additional collieres, the successful tenderer shall submit rhe request with the rrn s and copies 

their reciept analysis reports from C. F. R. I.,.,.(Name of place). 

in respect of all such collieries well in advance. Wherever such analysis reports are not available, the successful tenderers 

may be asked to take a couple of truck of such coal for sampling and analysis at.Thermal Power 

Station whose analysis shall be acceptable to the successful tenderer. 


4 . Quality : 

The supply shall consist of freshly mined, ‘RUN-OF-MINE’ non-coking, Gr.Coal/Washery 

Middlings having ash content not more than 35% on Air-Dry-Basis. The grade of the coal supplier' shall be dtermined on 

the basis of the ash content, total inert (for high moisture coal) analysis carried out in.(Name Purchaser 

. .....at .Thermal Power Station. 

The other qualities of the Coal/Middlings shall conform to the following specification under such penalities for the shortfall 
as specified in item No. 8. 

(a) Calorific Value (On Air Dry Basis/Equilibrated Not less than.BUT/lb. 

Basis) 

(b) Volatile Matter (On Air Dry Basis/Equilibrated Not less than.% 

Basis) 

(c) Moisture (Total) .Not less than.% 


176 























































Report of Study Group 


(d) Grindability Index.Hardgrove grindablllty Index—Not less than. 

(e) Size.‘Run-of-Mine’ but maximum size should be limited to 

.cm. Dust and/or slack coal of minus 3 mm. 

Size should not be supplied beyond.% in the 

days supply. 

• ... T he T e nd ere r sha' 1 be required to submit along withits tender, recent test certificates in original from a Government 

institution like Central Fuel Research Institute,..showi tus the nro- 

ximate analysis and Calorific value of the coal/middling on ‘Air-Dry Basis’ equilibrated basis'for High Moisture Coal and 
total moisture content of the coal, proposed to be supplied for the purpose of assessment of the offer. 


Supply of coal from collieries which have been graded as 
will not be accepted. 


“ungradable” or declared ‘‘Not working” by the Coal Board 


The successful tender(s) shall be solely responsible for any voilation of the above or the colliery control 
as framed from time to time by the Coal Board or Coal Controller or Government of India. 


order or rules 


Supply of coal from collieries belonging to Salanpur seam/area shall 
jow grindability Hard-grove Index and detrimental effect to the boilers. 


not be accepted on account of its known 


Sampling Analysis & Classification of Coal/middlings Received t 

(a) Coal shall be unloaded in the.Thermal Power Station Coal Yard 

Only one representative Sample of the Coal supplied on any particular day by each successful tenderer shall be taken for pro¬ 
ximate analysis and C. V. determination. This sample shall be drawn from the running conveyor belt and converted into 
Laboratory sample by means of automatic sampler if installed and sample crusher, in case the automatic sampler is out of 
commission, manual sampling shall be resorted to. For this purpose samples shall be cjrawn manually at regular intervals 
from the running conveyor belt carrying the coal/middlings, lf.foranyreason.theconveyorbeltisout of commission sample 
shall be drawn manually from each truck during and through out the process of unloading. In the case of wagons which 
may have to be unloaded manually, the samplemaybe collected from the wagons during the process of unloading.The quan¬ 
tity of gross sample thus collected for the day’s supply shall be as follows :— 

(1) Not less than 350 Kg. for total supply upto 500 Tonnes/per day. 

(2) Not less than 500 Kg. for total supply up above 500 & upto 1000 Tonnes per day. 

(3) Not less than 700 Kg. for total supply above 1000 & upto 2000 Tonnes per day. 

(4) Not less than 900 Kg. for total supply above 2000 & upto 3000 Tonnes per day. 

This gross sample will be reduced to size 3* and below and quantity reduced by coning and quartering. There after 
it will becrushedand the producewillbefurtherconedand quartered and finally the laboratory sample will be prepared 
through the sample grinder. In case of any break down of the crusher and/or grinder, the sample willbe prepared with the 
help of manual labour in the usual process of size reduction an coning and quartering. 

(b) The laboratory sample thus prepared should be conformlngto IS specification. It shall be divided into three parts 
one for daily ash percentage/total inert content determination and the second for composite analysis of VM, CV * etc’ 

during a‘period’as specified hereinafter and the third shall be kept at.Laboratory under 

joint seal of Contractor’s representative and...representative at. 

Thermal Power Station for any further reference in case of any dispute by the Contractor with regard to the analysis result 

(c) Fordailytotalmoisturedetermination,aseparatesampleweighingnotlessthan 25 Kg. shallbedrawn directly in 
not less than ten increments from the trucks/wagons while they are being unloaded/running belts and sent to.. 

Laboratory. No dispute shall bo Entertained regirding the analysis result of total moisture so taken,as no reference samn’le 
is possible to be kept for the same. y 

The entire sample taking, its preparation and tests may be witnessed by the successful tenderers’ representatives Thes 

successful tenderers’representative at.Thermal Power Station shall furnish a 

scheduleinrespectofroad/railsupply.givingthenumberofthetruck/tripsorthe wagons which carried coal to., 
during the day and state therein about correctness of sample collection from the coal supplied during the day. .. 

Theabsenceof the representative ofthe successful tenderer wlllnot be accepted as an excuse should any dispute arise ' 
regarding sampling and testing. 

The daily sample/samples shall be analysed at. . .Thermal Power 

Station Laboratory as per ISS (i) On Air Dry Basis to determine percentage of ash content and moisture and (ii) on “a« 
received basis” for determining the total moisture. 

All aaalysis (except determination of total moisture) of high moisture coal will be carried out on —72 mesh sample 
after equilibrating under the condition given below for 48 hours y 

Atm. temperature.. 40°C ± 20°C 

Relative Humidity.60 per cent±2% 

The coal received during the particular day shall be classified for determination of its grade on the basis of the abov 
analysis results, for miking payment as wellas for charging penalty for high ash ,content/total inert content. 
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(d) For the sake of Item 5, a 'period' of any calendar month shall mean : 

(i) 1st to 7th 
or (ii) 8th to 14th 
or (ill) 15th to 

or (iv) 22nd to end of the month 

Normally no coal/middlings shall be accepted on Sundays without previous arrangement withthe purchaser /or hisautho" 
rJsed representative. 

""“I"!' -fr*. forclMsiScationof in 

from iTdivfduai m coll S ier!e e s C!CS m3y becarried out to determine the Hard-grove grindability index of a day’s supply/supply 

(g) The results of the analysis will be notified to the successful tenderer’s representative at. Thermal 

Power Station, who may be present to witness such sampling and tests. 


The results of analysis at- 


In case the. 


-Laboratory shall be normally binding on both the parties. 

(officer) 


.........Thermal Power Station does not hear anything to the contrary from the successful” tenderer^ 

within seven days of notifying the result, the sample kept under joint seal shall be destroyed. ■ ' 

In case of any dispute raised within a week over the announced analysis results, the sample kept under joint seal will 
be sent at the successful tenderer’s cost to C.F.R.l. or any Govt. Laboratory for analysis to determine percentage of ash/ 
inert content and volatile matter and C.V. only but not for total moisture. These results shall be binding onboth, the suc¬ 
cessful tenderer and the.(Name of Organisation).... ?..* 

6 . 


Transportation, Unloading & Stacking of Coal : 

. . The....... (Name of Organi sati on).... 

shall in no way be responsible for arranging either the trucks or the railway wagons for the transportation of coal. 

(a) Road Supply.—( i) The tenderer shillacquunt himself fully withthesite conditions and the approach roads before 

submitting the tendir. The successful tenderer shall get instructions from the....(officer) . as 

to wherein the coilyard the trucks are t° be unloaded. Theuntoidingand wetting, if considered necessary by the.”. 

(officer) . ...Thermal Power Station, are to be done by the successful tenderer at price 

included in the tender offer. p 

(ii) Road Permit .—The successful tenderer shall make necessary deposit with the Reserve Bank of India towards 
the statutory chargeslevlable by the Govt. 0 f India and obtain necessary coupons from the Coal Superintendent, Dhanbad 
for road transportation. 

(b) Rail Supply. —(i) It shallbc the responsibility of the successful tenderer to arrange for the availability and allot, 
ment of the Railway Wagons. The purchaser shall, however, render such help as would be possible for it to do so. 

(ii) The coxl/raiddlings to be supplied by Railway Wagons by the successful tender(s) shall be booked to the..... 

officer)..........ThermalPower Station, on freight topaylpaid basis to..Therms 

Power Station, Private siding. From there it shall be the-responsibility of the. 

to engage its locomotive for shunting and placement of the loaded wagons on the unloading siding and also for the removal 
of the empties to the exchange yard again. 

(iii) Incasethe Riilway Vatho'ities decide to weig’i the wagons on the powerstationtippler weighbridge, thetenderer 
will accept the Railway receipts prepared by the Railway on this basis. 

(iv) Normally the coal/middlings wagons shall be unloaded by the... by utilising it« 

wagon tippler, which is suitable for.wheeler wagons and hence as’far as possible 

(V) In case the wagon tippler is not available for unloading the’ wagons...(type)... 

wag ons are suppl ied for which wagon tippler is not available, the tenderer may be required to unload the wagonsmanually 
W ^ 1 ® s to su PP ress ooa * dust and stack the same, i f requi red. For wetting, only water and hosepipes ahall be 

Adequate lighting of the coal yard and unloading surroundings shail be the responsibility of.. . . . . .V.’. 

• ••••■•• • •.......The unloaded coal/middlings shall be stacked...... ....feet "clear 

off the railway track but within.......feet of it i.e. the lead for unloading and staking shall be 

fofficert. ft ' an<1 .. ft ' and the r ‘ Se ab ° Ut ... feet ' The....._ 

shall give the successful tenderer a 48 hours’ notjee for undertaking the manual unloading. The loaded wagons shab'be 
unloaded by the successful tenderer and released within five “day-light” hours or any other such free period allocated bv the 
railways from time to time. Every effort shall be mare by the successful tenderer to minimise the time of detention of railway 
wagons. Demurrage, tf any, payable to the Railways for not releasing the wagons within the normal time permitted bv the 
Railways, shall be to the account of the successful tenderer who, however, shall not be responsible for the time-loss in 
exchange yard and for the placement of the wagons and removal oT the’empties. " 

(vi) If so ne of the wagons booked by the successful tenderer get missed and’do not reach the. 

Thermal Power Sta, it will be the responsibility of the purchaser if the booked on FOR colliery/sidlng basis'. ’ Incasethe 
wagon are booked on FOR Power Station basis the responsibility will b8 that of the successful tenderer, 
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7. Weighment of Coal : 

(a) Road Supply. —'The.maintains a truck weighbridge at the............. 

(orgiuisation) .. * 

Thermil Power Station.Coal Yard. Weights shown by this weighbridge only, unless other¬ 

wise agreed to shall be taken as the Correct weights for cj ftp station of q aantity delivered. The successful tenderer may pro¬ 
vide its aa‘horised representative to be present at the weighbridge for witnessing the weighment. 

The gross weight of the coal/middlings supplied shall be obtained by deducting the tare weight of the truck from the 
weight of the loaded truck. The net weight.ofn aal/iftd llings supplied shall be obtained by subtracting the total moisture 

in excess of the allowable... .per cent from the gross weight of the coal/middlings 

delivered. 

The payment for the cost of coal/mid llings, statutory charges and road transportation charges shall be made on 
this net weight. 

In case...,........weighbridge is out of order, the weighment may 

be made on any other weighbridge, near about..... .Thermal Power Station arranged by 

' (officer) 

the.........., ....... Thermal Power 

Station, who willdepute his representative to record the weights and it may be witnessed by the successful tender’s represen¬ 
tative. 

The coal trucks will be received at...'.....Thermal Power 

Station Coal Yard between.........A. M. to.....P. M. 

(b) R ill Supply.— The R/R weight of the railway authorities shall be ordinarily accepted for the purpose of payment. 
Ho vever the ra'lw ay wagons shall bo weighed at the purchasers weighbridge both for the gross and tare weights. The pur- 
c'usors vtigh'o.’i lge shall bo properly calibrated atli got certified by the Govt. Inspector at regular intervals. 

In case of any unreasonable difference between the two weights, the matter shall be settled mutually between the 
purchaser and the supplier. 

In case the weighbridge at which RR weight is recorded, goes out of order and the wagons are not actually weighed 
the weight recorded at pa-chasers weighbridge shall be accepted for all payments. 

(c) Bilt Coiwyov—(For washeries anl collieries directly linked with Thermal Station); 

W :ighto neter if provided both by the supplier and the purchaser, variation of 1 % between the two Weights recorded 
will be allowed anl a mean of the twj weights will be taken as gross supply made and received. 

If the variation exceeds 1 % both the waightometers will be checked and the weight recorded by the corred one wi! be 
final. If on any occasion, both the waightometers are out of order, then the purchaser and the supplier will develop and 
mutually agree upon a mathod to arrive at the approximate quantity supplied. Calibration of the weightometers shall be done 
jointly once in 3 months, in adlition to frequent checks and maintenance recommended by the manufacturers of the weighto¬ 
meters. j 

8. Penalty for Shortfall In the Specified Quality and Ouantity j 

Tie ’allowing amities shall belevied anl ieiuctions therefor mide from the successful tenders running bills : 

(a) Low Calorific Valia.— If the calorific value of ooaWmidilings supplied and determined as stated initem 5(b), falls 
short of the g nranteed value as in item 4, penalty shall be levied and deductions made from successful tenderer’s running 
bills at the following rate : 

For a shortfall of every 50 BTU/lb or a part thereof Twenty (20) paise per tonne of the coal supplied 

during the ‘period’. 

Further if the shortfall exceeds.BTU/lb the contract may be determined by the 

.with a forthinght’s notice in writing. 

(b) Low Volatile Mttter Content.— If the Volatile Matter content of the Coal/middlings supplied and determined as 
tated in item 5(b) falls short of the guaranteed value as in item 4, then for a shortfall of every half of one per cent or part 

thereof, a penalty at the rate of twenty five (25) paise per tonne on the coal/middlings supplied during lhe ‘period’ shall be 

levied and deductions will be made. Also, when the volatile matter of the coal supplied, falls below.%, the 

contract may be determined by.. by giving a fortnight’s notice in writing. 

(c ) High AshjTotal Inert Content —(i) Low Moisture Goal. 

(d) High total Moisture —(i) For Low Moisture Coal.—An Allowable tolerance of 2% on total moisture will bo 
given. When tne total meisture is in excess of 2% it will be deducted from the gross weight of the supply and all payments 
will be made on the basis of net weight so arrived. 

(ii)For High Moisture Coal. —An allowable tolerance of 5% on total moisture willbe given. When.the total mois¬ 
ture is in excess of 5% it will be deducted from tne gross weight of the supply and all payments willbe made on the basis 
of net weight so arrived. 

(e) For Shortfall in D olivary Rite per Month.— If tne successful tenderer fails to maintain the Minimum DailylMonthly 

Ganarnteed rate of delivery of coal/middlings at Thermal Power Station Coal Yard, except for the ‘Force Majeure’ 

Clause a penalty shall be levied on the successful tenderer for the shortfall at the following rate : 

For Supply of Middlings.— 

Short fall Penalty 

(i) O—upto 15% of guaranteed gross supply daily/monthly. Nil 

(ii) Above 15% upto 25% of the daily/tncntnly guaranteed 25 paise per tonne on the shortfall quantity, 
gross supply 
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(iii)Aboos25% utto 35%ofthe diily/nnnthlyguaranteed 50 paise per tonne on tne shortfall quantity, 
gross supply. 

Civ) Above 35%—of tne daily/montnly guranteed supply. 75 paise per tonne on tne shortfall quantity. 

The minimum guaranteed quantity can be cnanged by giving 3 months notice in advance. 

(2) For Coal— 

(i) From 0—upto 10% of daily/monthly guaranteed gross 25 paise/tonne on the shortfall quantity. 

supply. 

Ifthe percentage ofash content on Air Dry Basis in the coal exceeds the maximum specified limit for the grade then 
apenaltyof Re. 1 per tonne for every one percent or part thereof shall be levied. 

If the ash content for the day srpply exceeds % it snail be treated to have been rejected. Butin view of tne fact 
that bythetimetheanalysisresultsare known tnesupply has beenconsumed and cannot be returned, a token price of Re. 1 
per tonne will be made for such supplies. 

(ii ) High Moisture Coal. —If tne percentage of total inert (ash+moisture) on equliabrated basis exceeds the maxi¬ 
mum specified limit tnen a penalty of Re. 1 per tonne for every one percent or part thereof shallbe levied. 

(iii) Middlings.— .The by products of wasneries having ash content upto 35% on Air Dry Basis are termed middlings 
Ifthe ash percentage on air dry basis exceeds 35%, tnen it contains a mixture of middlings and rejects. No price is to be paid 
for rejects. Tne quantum of middlings in the day supply of tne by-products having ash content above 35 % on Air Dry Basis 
will be calculated as per the formula given below : 

T(55-A) 

M=» --- 

20 

M=MiddIing content in tonnes. 

T=>Total quantity of byproducts/mixture in tonnes. 

A=>Ash content in byproduct/mixture in percentage. 

If the ash content of middlings is less than 35 %, a permium at the rate of 20 paise per tonne for each percentof improve¬ 
ment in asn content will be allowed. This will be allowed for middlings upto 28% ash content. 

For middlings having ash content below 28 %, the permium will belimited to what may be admissible for middlings 
having 28% ash on air dry basis. f 

Fortheflrstoccasionduringtheentiresupply/firstl2 occasion per year rejection clauseas stated at(i),(ii)&(iii) above 
will not be applied. However, on all subsequent occasion the same will be enforced. 

Shortfall Penalty 

(ii) Above 10%—upto 20% of daily/monthly 50 paise/tonne on the shortfall'quantity, 

guaranteed gross supply. 

(iii) Above 20%—of the daily/monthly guar- 75 paise/tonne on the shortfall quantity, 

anteed gross supply. 

(3) Where there is direct Unking between the washery/mines and the Thermal Power Station by a belt conveyor/rope¬ 
way, an additional penalty of 5 paise per tonne will be levied over and above penalty rates. 

(f) (i) Over-size.—C oal beyond the size specified may not be accepted and is liable to rejection. 

The contractor will be given a chance to reduce the size by breaking during the process of unloading without causing 
any hold up, to bring it within specified limit. 

In case of failure of the contractor to comply with the above provision then a penalty of 20 paise/tonne will be imposed. 

The assessment of oversize coal by the representative of the purchaser shall be considered as final for imposition of 
penalty. 

(ii) Fines (minus 3 mm). —If the percentage of fines in daily supply exceeds the specified limit, then a penalty of 10 
paise/tonne on the net quantity will be imposed. Assessment of fines by the representative of purchaser shall be considered 
as final for imposition of penalty. 


9. payment i 

(a) (i) Except for the final payment, payments for coal/middlings supplied shal I be made monthly by the Thermal Power 
Station on receipt of the successful tenderer’s running bills in triplicate. Payment for the Coal/Middlings supplied during 
any month shall be made in the succeeding month. This payment will be made to the successful tenderer after deduction 
of all charges recoverable from it. 

(ii) Along with the monthly bills, in case of coal/middlings supply by rail the successful tenderers shal lsubmit the wagon 
receipt schedule, the details of which can be had from (officer) Thermal Power.Station, at the time of starting the supply. 

One copy of allbillsshall be sent to the (Any higher authority) for information and one additional copy of all the bills 
shallbe sent by the successful tenderer to the (Name of pay office) direct for the purpose of watching timely payment. 
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(b) The final payment to the successful tenderer shall be made by the.only after the 

successful tender has executed and entered into the Contract/Agreement as provided initem (Ho. 18), hereunder, and also 
on production of the following certificates — 

(i) An Income-tax Clearance Certificate. 

(ii) A certificate from the (pay office) Thermal Power Station, ■■■■■■■ - ■ ■ ■-■ ■ - . » « that all deductions and 

recoveries to be made from the successful tenderers have been recovered in full from its previous bills or giving 
the exact amount to be deducted. 

(iii) A Certificate from the (officer)..... .Thermal Power Station to the effect that all temporary barracks end 

sheds built by the successful tenderer have been removed from the Corporation’s site and the site cleared to his 
satisfaction, 

(iv) A Sales Tax Clearance Certificate. 

(c) The.reserves the right to deduct from the amount due to the successful tenderer of 

its Security Deposit any amount that may be recoverable by way of penalty or any other charges or money due to.. 


10. Security Deposit 2 

The earnest money of Rupees....,.deposited at the time of tendering shall be treated as 

part of the security deposit and shall be refunded only with the final payment to the successful tenderer. In addition, a deduc¬ 
tion of-% will be made from the successful tenderer’s running bills on account of security deposit upto an amount of 

Rupees. only, so that including the Earnest Money the total security deposit is Rs.-- 

only, for the due performance of its obligations under the contract and observance of the conditions thereof. Alternatively 

in lieu of the..% deductions from running bills, (a total of Rs...)the tenderer may furnish within 

15 days of issue of Letter of Intent a Bank guarantee from a Scheduled Bank to be approved by the (purchaser), Who null also 
approve the form of the Bank Guarantee. The total cumulative security deposit will be ultimately adjusted against the final 
billofthe successful tenderer. In the event of the successful tenderer’s shortfallin the fulfilment of any or all the terms 
and conditions of the contract, the (purchaser) shall be at liberty to confiscate the entire or part of the security deposit for 
nonfulhlment of the guaranteed contractual obligations. 

11. Superintendence: 

The successful tenderer shall keep a competent representative in charge of the unloading operation at the Coal Storage 

Yard of the — --Thermal Power Station. The representative shall be guided by a representative 

of the (offioer).,. . ... .Thermal Power Station in respect of placement of trucks, the uloading area etc. 

12. Facilities for Labour : 

(a) No female labour shall be engaged by the successful tenderer in dark hours. It shall be obligatory for the successful 
tenderer to abide by all Statutory Rules applicable to the labour engagement and arrangements and the successful tenderer 
shall pay the labour so engaged by it for the purpose of the work under this contract, such piece rate wages as may be 
current in the neighbourhood and shall indemnify the (purchaser) against any claim by such iabour. 

. (b) Workmen’s Compensation, if any, and conforming to the Statutory Rules, shall be successful tenderer’s resnon- 

sibility. ^ 

(c) It shall be the responsbiility of the successful tenderer to arrange for labour and staff barracks and sheds and the 
sanitation thereof for the labour and staff employed by it both at the coal loading and unloading ends. The (purchaser) may 

however, allow the successful tenderer to useexisting facilities at the..Thermal Power Station,if available 

on normal rent or to construct these on a site owned by the (purchaser) and approved by the (officer).Thermal 

Power Station. The successful tenderer shall pay such ground rent as may be mutually agreed upon. 

These barracks and sheds shall be temporary structures but the successful tenderer shall remove them from th 
(purchaser) site at i ts own expenses, within three months from the date of termination of the contract and return the land so 
occupied t 0 the (purchaser). 

In case the successful tenderer fails to remove the barracks and sheds within the said time, the (purchaser) shall have 
therighttodismantlethemandrecoverfrom the successful tenderer’s dues the cost incurred by the (purchaser) on that 
account. 


Ground rent shall be paid by the successful tenderer until all the barracks and sheds are removed. 

A clearance certificate from (officer).Thermal Power Station to the effect that all barracks and sheds have 

been removed by the successful tenderer and the vacant possession of the land given, shall be necessary before the final oav- 
ment ts effected to the successful tenderer. v y 

13. Facility of Mobile Equipments : 

n T L m ? bile like bull-dozers etc. are available and sparable by the (officer).i.Thermal 

Power Station, the successful tenderer may upon written request, use them in stacking/moving the coal. For the use of these 
mobile equipments the successful tenderer shall have to pay the (purchaser’s) standard charges etc. as applicableforhirine the 
the equipment to outside parties. ‘ 
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14. Termination of Supply': 

If at anytime during the period of contract, supply or part thereof is considered to be unsatisfactory in the opinio- 
of the rejprescatative of the purchaser with regard to the quality, the representative of purchaser shall have the right to deter 
niiue the contract or refuse to aceept the supply or part thereof whenever required. 

The successful tenderers) shall not be entitled to any compensation or damage whatsoever, in the event of such a 
termination. 

1 5 . Arbitration: 

Except where otherwiseprovided in the contract if at any time any question, dispute or difference whatsoever shall arise 
between the (purchaser) and the successful tenderer upon, or in relation to, orin connection with the centract either party 
may forthwith give to the other notice in writing to the existence of such question, dispute or difference, and the same shall 
be referred to the adjudication of the sole arbitrator. Chairman, Eastern Regional Electricity Board or his representative/ 
nominee and the award of the arbitrator, shall be final and binding on both the parties and the provisions of the Indian Arbi¬ 
tration Act, 1940 and the rules thereunder and any statutory modification thereof shall be deemed to apply to and be incor¬ 
porated in this Contract. 

, Upon every or any such reference, the costs ofan incidental to the reference and award respectively shallbeat the dis¬ 
cretion of thearbitrator who maydetermine theamountthereof.ordirect the same to be taxed as between lawyer and Client, 
oras between party and party, and shal 1 direct by whom and to whom and in what manner the same shall be borne and paid. 

Work under the Contract shall be continued by the successful tenderer(s) during the arbitration proceedings, unless 
otherwise directed in writing by the Purchaser or unless the matter is such that the work cannot possibly be continued until 
the decision ofthe arbitrator is obtained and save asthosewhichareotherwi se expressly provided in the contract no payment 
dueor payable bythePurchasershall be withheld on account of such arbitration proceedings unlessitisthe subject matter or one 
ofthe subject matters thereof. .... 

16. Force Majeur : 

Should the progress of supply ,be delayed due to suspension of coal/middlings supply on account of outage, strike, lock 
out or closure of the mines Whereby there raisings are stopped or closure by an order from the Mines Department, Govt, 
of India, epidamics, or any act of war or act of God or any other reason beyond the reasonable control ofthe successful tenderer 
whereby regular supplies may be effected, then reasonable extension of time may be granted by the (purchaser). In the event of 
such an oecurence the successful tenderer shall immediately inform the ^purchaser) setting out in writing such occurence in 
detailandthesteps taken by him to minimise such occurence. . ■ 

Should the supply of coal to the power station be ordered to be suspended by the (purchaser) or its authorised officer 

or officers on account ofstrike, lock out or closure of the.Thermal Power Station,, damage to the conveying plant or 

any otherreasons beyond the reasonable control of the (purchaser) then reasonable extension of time may be granted by the 
(Purchaser). The.shall not be liabletopay anydamageto the successful tenderer on this account. 

17. Bribe Etc. : 

Any bribe, commission, gift or advantage given, promised or offered by or on behalf of the tenderer (s) or its agent 
or servant or any one on its or their behalf to any officer, servant, representative or agent of the (purtchaser), in relation to 
obtaining or to the execution of this or any otner contract with the (purchaser) shall in addition to any crimiaal liability which 
it may incur, subject the tenderer to the cancellation of this or all other contracts entered into withthe(purchaser) and also 
to pay for any loss or damages resulting from such cancellation. The (purchaser) shall then be entitled to recover the amount 
so payable from the tenderer. 

18. Agreement : 

The successful tenderer shall be required to enter into an agreement with the (purchaser) within 3 months ofthe date 
of‘Letterof Intent’ issued. This agreement will be drawn in accordance with this specification and the‘Letter of Intent’and 
the rates and terms etc. quoted by the successful tenderer and acceptedjby the (purchaser). Until the execution of the Formal 
Contract Agreement, the supply shall be governed by the Letter of Intent and this Tender Specification. 

19. Submission & Opening of Tender : 

3 copies of tender, complete in all respect, in sealed cover should be submitted in the Tender Box kept at the Office of 

the (Officer opening the tender), (Purchasing Organisation) not later than.A. M. on (date, Month, Year). Tenders 

will be opended by the ...on (dated), month, Year...at ..A.M. in presence 

of tenderers or their authorised representatives who may be present. The tenders not accompanied with the earnest money 
or incomplete in respect of any information asked for are liable to rejection. 

20. Documents to Accompany the Tender :■) 

(a) Annexures A, B & C in triplicate, (ref. item 23) duly filled in. 

(b) Challan from Reserve Bank of India as Earnest Money reference item No. 24. 

(c) Valid Income Tax Clearance Certificate, ref. item 25. 

(d) Valid Sales Tax Clearance Certificate, ref. item 25. 

(e) Labour Employment Certificate, ref. item (d) Annexure ‘C’. 

(f) Test Certificate of Coal, ref. item 4. 

(g) Consent letters of Collieries from Which supply is intended to be made. 

(h) A certificate from the Regoinal Labour Commissioner (Central) of the area in which theColliery/Collieries is/arc 
located that the supplying Colliery /Collieries has/have implemented fully the recommendations of the Wage Board 
Award for the Mining Industries. 

N. B. Copy of this Tender Specification is not required to be submmitted along with the tender. Only the annexures 
are to be submitted. 
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21. Break up of Price 

(a) The tenderer shall quote break-up of the rate per tonne of ooai indicating separately'price of coal/middlings, trans- 
port charges inclusive of ail uncontrollable charges, cess and other statutory charges for coal as delivered and unloaded in 
.Thermal Power Station Coal Yard. 

(b) The (State) Sales Tax and/or or Central Tax as may be leviable by the (State)Govt. or Govt, of India shall be 
to the account of the tenderer and the overall rated offered should be inclusive of this element. 

22. Antaexures : 

The tenderes are requested to fill up Annexures A. B & C in triplicate giving complete information in reply to the 
specific questions or points raised thereunder. In the above Annexures, no column should be left unfilled and unsigned and 
the tender must be signed and sealed on every page by the tenderer. 

23. Earnest Money : 

An earnest money of Rupees.only shall be deposited with the Reserve Bank of India into (Purcha¬ 
sing Organisation) Account No.and the receipted Bank Challan must accompany the tender. The earnest 

money only in this form shall be acceptable. 

This earnest money is liable to be forfeited if the successful tenderer fails to start the work within one month of re¬ 
ceipt of the ‘Letter of Intent’ of the Corporation or to furnish the security deposi t as required in the item No. 10. 

24. Income Tax and Sales Tax Clearance Certificates : 

The tenderer shall furnish valid Income Tax and Sales Tax clearance certificates of the firm/person submitting 
the tender, along with the tender. 

25. Rejection ot Tender: 

The (purchaser) reserves the right to reject any or all tenders or to accept any tender (s) wholly or partly, if considered 
advantageous to the (purchaser) whether it is lowest or not, without assigning any reason whatsoever. 
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Annexure ‘A* 


Qr....Coal/Middling having maximum 

35 % ashcontent on air dry basis. 

1 How much total quantity of freshly mined R.O.M. coal/Middlings 
intonnesdo you offer by Road/Rail/./.? 

2. What minimum quantity of coal/middlings do you guarantee to 
supply per month under penalty clause item No. 8 by Road/Rail/ 


3. What minimum Calorific Value in BTU/lb. do you guarantee under 

penalty clause item No. 8 ? 

4. WhatminimumvolatileMatterdoyou guarantee underpenalty clause 

item 8? 

5. Fill the following information regarding the collieries from which 

the coal will be supplied : 


Colliery Details 


Quality 


Si. - 

No. 

Name of State 
Colliery 


Quality Name of 

Name of 

Rly. by 

Capa¬ 

Or. of Expected monthly 

Previous 

Seam 

the pilot 

which 

city of 

coal supply 

6 months 



served 

Rly. 


monthly 




Siding 


output 




for load¬ 

Tonnes Mention 





ing 

by Rail/ 






Road/.... 
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Annexure *B’ 

Please offer your best price 


Gr.Coal/Middlings having maxi¬ 

mum ash content of 35 % on air dry basis. 


1. Price per tonne of coal/Middlings inclusive of Sales Taxes, at Colliery/ 

loading end, free on vehicle. 

2. All statutory charges, per tonne viz., 

(a) Central stowing excise duty. 

(b) L. JD. C. C. ... ...«•« 

(c) Rescue cess duty per tonne. 

3. Transport etc : 

(a) By Road : 

Transportation, unloading, supervision, wetting etc., per 
tonne. 


(b) By Rail : 

(i) Railway freight per tonne . . , . 

(ii) Manual unloading, wetting, stacking etc., per tonne . 

(c) By Belt Conveyor. 

(d) By Ropeway.. 

Dated Signature & Seal of the Tenderer 
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Annexure ‘C 5 

Please confirm that the following documents are enclosed : 

(a) Bank Challan showing that Earnest Money of Rs.has been deposited. 

(.b) Income Tax Clearance Certificate. 
lc) Sales Tax Clearance Certificate. 

(d) Certificate that all labour employed by the Tenderer for coal mining, raising, loading and unloading work etc. 
is being paid wages and given other faci lities in accordance with al lthe Statutory Awards as issued up to date. 

(e) Consent letters of Collieries from which-supply is intended to be made. 

(0 A certificate from the Regional Labour Commissitmer(Central) oftheareairr which the Collieries are-located, 
the Collieriesfrom which the supplies are intended to be made are fully implementing the recommendation of the 
Wage Board Award for the Mining In dustries. 

(g) Certificate thatthe tenderrer agreesto all the items, terms and conditions stated in the specification. 

(h) Confirm that the item regarding forfeiting the Earnest Money and Security Deposit for non-fulfilment of guarantted 

contractual obligation, is agreed to by you. 


Dated Signature and Seal of the Tenderer 
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AnnEXURB4~ 2 

Statement of troubles experienced in last 2 to 3 years due to fly ash erosion and other causes at handle 

Boiler No. 1 

Shut down period Cause of tube fidture 

1-1-68 to 22-1-68 . . Tube failure caused due to defective erection welding. 

'r 

Note —Considerable thinning of tubes of the saturation SupcrhraUi rcu< n 
tubes was observed. 

15-6-69 to 14-8-69 • • Annual overhaul add modification for prventideon of fly ash eicsicn and 

repair of eroded tubes. 

Boiler No. 1 

25- 1-69 to 25-2-68 . • (1) Saturation Superheater Tubeleakage due to fly ash erosion. 

(2) Primary Superheater tube leakage due to steam impingement. 

19- 6-68 to 27-6-68 . . Saturation Superheater tube leakage due to fly ash erosion. 

12- 1-69 to 28-1-69 . . Primary Superheater Tube leakage due to fly ash erosion. 

13- 3-69 to 13-4-69 . . Boiler modification for protection against fly ash erosion and repair of erode 

tubes. 

23-4-69 to 29-4-69 . . Wall tube leakage from defective erection welding. 

8-10-69 to 6-1-70 . . Overhaul and modification for protection against fly ash erosion. 

Boiler No. 3 

26- 9-66 to 9-12-66 . . Wall tube leakage from defective erection welding. 

20- 5-67 to 28-5-67 . Economizer tube leakage caused by soot blower steam cutting. 

15-5-69 to 18-5-69 . . Reheater tube leakage due to internal corrosion. 

1-6-69 to 8-6-69 . . Modification for protection against tube erosion. 

Bolter No. 4 

3-6-6 to 30-6-67 . . Primary superheater tube leakage for defective erection. 

17-10-67 to 17-11-57 . . Wall tube leakage for defection erection welding. 

25- 6-68 to 4-7-68 ■ • Saturation superheater tube leakage due to fly ash erosion. 

26- 7-68 to 31-7-68 . . Wall tube leaka.e due to defective erection welding. 

16-11-68 to 24-12-68 . - Annual overhaul and repair of eroded tubes. 

1 

3-6-69 t 0 26-5-69 . • Modification for protection against erosion and repair of eroded tubes. 

17-8-69 to 7-10-69 • • Overhaul and modification for protection against erosion. 


The signsoftubeerosiondustofly ash were detected in early 1968 and after determining the definite pattern of erosion 
the following measures were taken 

(a) It was observed that^sh erosion is most pronounced near the boiler outlet expansion joint before the economizer 
due to constriction of flue oath. Primary superheater tubes, saturation superheater screen tubes were enclosed 
by suitable protection shields fabricated by expanded metal and refractory concrete at the most affected zone« 
Steel protection shields were also incorporated in certain portions where they could befitted conveniently. Re - 
placeraentofthesteelshields andrefractory concrete shields by suitable stainless steel shieldsis also in progress 
and will be done in stages. 


(b) The first row of economizer tube was also covered bysemicircularsteelshields 

(c) Steel tube ferrules were incorporated at the inlet end of the Airheater tubes. 


(d) Splitter vents were incorporated ip the flue path to uniformly distribute the flue gas before the 
heater, 


economizer and an 
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Annexure 4—3 

Extracts from the Note sent along with D.O. letter No. M/192/70 dated 18-7-70 from Shri M. Y. Koli, Member, 
Madhya Pradesh Electricity Board, Jabalpur to the address of Member-Secretary, PEC. 

A COAL TRANSPORTATION ARRANGEMENTS AT THERMAL POWER STATIONS OF M. P. ELECTRICITY 

BOARD 

1.1 Korba-I( 100 MW) andKorba-II(,200 M MW) Thermal Stations: 

While considering the arrangements of coal transport in consultation with the Russians for receiving coal at the Korba 
Thermal Power Station Extension (200 MW) it was felt that wagon tippler would be too slow to discharge the requisite 
quantity of about 4000 tonnes per shift when the station is extended. This is because considerable time is taken in shunting 
individual wagonsfromthetrain onthe wagontipplerand pushingthe empties out. Moreover, a wagon tippler would need 
100 % stand by otherwise in case of some breakdown it can lead to total stoppage of coal receipts. The Soviet Experts, there¬ 
fore, suggested the use of long track hopper which would accommodate 30-four wheeler or 15-eight wheeler wagons Side dis¬ 
charge hopper wagons of BOBS type were considered suitableforthisarrangement. It wasintendedthat the releaselever would 
be operated by anaircylinder. Allthe wagons were to be piped for compresed airin addition to the vacuum brake piping. 
Thus, by giving compressed air supply at one end of the train all the wagons on the hopper can discharge alomost simul¬ 
taneously saving a considerable time of detention of wagons. Thisarrangement envisaged the use of suitalblelocomotives which 
coulddraw 15-eight wheeler wagons from Manikpur quarry ofNCDCtothe PowerHouseso thatthe entire operation of 
unloadingandmovementcouldbedone withoutanyshunting between wagons. As the railway track from the Manikpur quarry 
to thePowerHouse is owned bytheMPEB.therollingstockwasalsointendedto bepurchasedbyus. Itis.howerver, found that in 
India the Railway Board has complete control over all the items of Railway equipment including rolling stock and 
we can only get for our railway siding or for rolling stock whatever the railway Board chooses to release to us. Railways are 
willing to release only condemend wagons and locomotives which are declared unfit for their operation. The type available 
is, therefore, dependent on the type of wagons and locomotives that are being condemned with the result that we cannot get 
the locomot ive or the wagons of requisite type and capacity. With grqat efforts through I & P Ministry we were able to get 
condemned wagons of CHB and CHT type which have got bottom discharge between the rails and the operating gear is not 
suitable for operation by aircylinders. For the bottom discharge the area available on the track between the railis limited and 
it takes considerable timetoclearthewagons. The posit ion is made worse by NCDC supplying! arge lumps of coal measuring 
as much as 450 mm in two dimensions which choke up the grate. Thus the wagons which could be emptied within a few 
minutestakehalfanhourandfourmazdoorstodoit. Our effortes to obtain BOBS wagons from market were not successful 
Wagon manufacturers could offerthe bodies only, but the wheels, axle and ale boxes were controlled items arid were not 
available. The position for the locomotives was as bad. The locomotives released are already condemened and the State 
Boiler Inspectorate has drastically reducedits working pressure. They can, therefore, haul only halfthe number of wagons 
than intended. It willthus be seenthatthe scheme as intended has not gone through and is not likely unless proper type of good 
locomotivesand good wagons are available. Even if something could be donein this direction it is found that the siding layout 
ofNCDCatthierloadingpointdoesnotpermitaccommodationof 30emptiesbeforethe loading piont or30loaded wagons 
after. Moreover, the problem of large lumps would always present a difficulty in clearing the track hoppers quicly and it is 
doubtful whetehrit willever be possibleto make the NCDC or supplierto abide by agreed s izei.e. 260mm. 

It will thus be seen that the idea of “Unit train” or “Blocktrain” whichis envisaged for long distance transport 
of coal over railwaysthough not working at Korba yet itisworkinginprincipleorinspiriton that smallpart of the M.P.E 
Board’s own railway track from NCDC colliery to the Power House. To make the scheme of Block trains successful, difficul- 
t ies experienced by the M.P.E.B. as explained above which would arise at any powerstation have to be removed. Moreover, 
not only transport arrangement of coal but crushing coal to size and handling at the colliery end and at thepower house end 
has to be coordinated so that theloading, shunting emptying and discharging of coal could be done for the whole unit train 
at one go; otherwise the very purpose of unit train or block train will be defeated if the train load has to be broken up in 
wagons(individually or in batches) which willtake longitme at the handling ends. 
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Annexure 5—1 

Report of the Sub-Committee on Standardisation of Mechanical and Electrical Equipment for 

Thermal Power Stations 

BHARAT HEAVY ELECTRICALS LTD., NEW DELHI 

Ministry of Irrigation and Power had constituted under their Memorandum No. 32 (25)/66-EL. I, dated 2nd January 
1967, a committee to study the problems relating to standard designs for thermal powerstations utilising indigenously manu¬ 
factured equipment.In their first meeting held on 3rd April, 1967, the Committee had recommended that in order to define 
specific areas of standardisation forthermal power station auxiliary equipment, two Sub-committees be constituted, one for 
studying mechanical and electrical problems and the other for civil design problems. The former Sub-committee held two 
meetingsonl9-8-1967 nd 9-4-1968. The Sub-committee had des i re d t o exami ne t he report of the Working Group on Standard¬ 
isation and Import Substitution set up by the C.B.I.P. as recommended by the main Committee. As this report has not 
been finalised so far, the Sub-committee has had to forego this advantage. Thereportis under finalisation and may be availa- 
blein the near future. The main Committee may like to consider this report. It is the general view of the Sub-comittee that 
incase ofequipment where ample indigenous capacity has beenestablished to meet the requirements of Various specifications 
of the customers, no special attempt need bemadeatthisstagetoevolvepreferredstandards. Suchstandards would really 
be of use only in cases where there was limited indigenous capacity or where such capacity had to be developed. Preferred 
standards in such cases would help in economical manufacture of equipment for the selected ratings. With this in view, the 
important items of auxiliary equipment inthermal powerstations were examine individually and the scope for standardisation 
defined. 

As the designs for the equipment for thermal powerstations manufactured in the different plants are based on the 
developed in three different countries, there are difficulties in standardising even auxiliaries and layouts. Also there 
are inherent limitations in attempting standardisation of equipment of nearly same rating (for example, sets of 100,110 
and 120 &W) of different designs and steam parameters. As such the Sub-committee desires to recordits view that in future 
the ratings and designs of power generating equipment should be decided only after due consideration of the advantages 
standardisation. In as much as the mainequipment designs had already been obtained and as scope for any modifications to the 
equipment during the FourthPlan wasratherlimited.the Sub-committee devoted its attention only toequations relating 
to the overall layout and the auxiliary equipment. 

1. - Heat Cycle t 

The Sub-committee is of the view that the standard heat cycles ofthe manufacturers forthe60,100, llOand 120 MW 
setsmay he treated as preferred standards. Thereis, however, scopeinsimplifyingthemandimprovingthem. The Sub-commit¬ 
tee therefore recommends to the manufacturers that this should be kept in view for their future manufacturing/development 
programmes based on operating experience with the unitsin the different power stations in India. 

2. Heaters : 

The relative merits of horizontal and vertical heaters were examined and the Sub-committee noted that al lthe manu¬ 
facturers of heaters in the country had programmed to manufacture only vertical heaters. The Sub-committee does not find 
any strong reasons for recommending any departure from the vertical designs. As regards the material for the high pressure 
heaters, steeltubes are being used and can be standardised. The current practiceis to use brass tubes for low pressure heater 
The question of replacing brass tubes by material,like stainless oreven mild steel, was examined and it was pointed out that 
at the present stage it would not be possible to replace brass tubes by mild steel or stainless steel tubes in low pressure heaters. 
Development work was being undertaken at the Hyderabad plant ofBHEL but it would need some moretime before results 
can be obtained. 

3. FeedPumps / 

The Sub-committee noted that a few manufacturers in the country are i n a position to undertake manufacture of feed 
pumps for the four sizes of generating plants namely 60,100, HO and 120 MV. The Hyderabad Unit has a programme 
manufacturing pumps suitable for all the four units based on actual orders received. The technical particulars of the pumps 
of Hyderabad Units are given below : 


Unit MW 

Capacity 

M/hr. 

Feed water 
Temp. °C 

Delivery 
head of pump 
MWC 

No. of pumps 
per unit 

Capacity of 
driving motor 

60.1 

336 

145 

1550 

2x100% 

1900 

100. 

270 

160 

1540 

3x50% 

1600 

no. 

490 

158 

1960 

2x100% 

3500 

120 •••••• 

250 

165 

1720 

3x50% 

1550 


The Sub-committee could not obtain details of the designs developed by other manufacturers in the country. 


The possibility of using the same pump (with minor modifications) for the 60, 100 and 120 MW installations has beei 
e xam ined by the Hyderabad Unit. It has been found that a slightly modified design of the 150-KHI boiierfeed pumps which 
are being used with 1+1 arrangement for the 60MW sets can be used for the 100MW sets also. The design changes required 
are minor. For the 120MWsets a new design had to be evolved. However, as the pumps for all these three sets emanate 
from the standard 150-KHI design with modification to the impeller, diffuser, etc.it has been possible to keep the overal I di¬ 
mensions every nearly same. Standardisation has been achieved to an extent which lends itself for easy manufacture of thes e 
pumps as components like the stage body, barrel ,etc. have similar parameters. 
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For thellOM\Vset,al-j-l arrangement with a pump of different designis being used. 

b 

Turbine drivenfeed pumas : The question of using high speed turbine driven feed pump should be considered when 
turbosets of300 MW and above are to be manufactured. 


Condensate Pumps : 

The pumps for the different units havethe following parameters : 


Unit MW 

Capacity 

M/hr. 

Head develop- 
ped MW 

No of pumps/ 
units 

Capacity of 
drivin motor 

60 . . . . 

235 

128 

2x100% 

160 

100. . 

160 

135 

3x50% 

110 

110. . . . . 

160 

215 

3x50% 

175 

120 . . . 

... 327 

*. S rl 

147 

2X100% 

205 


The 100 and 110 MW sets envisage 3 condensate pumps of 50% capacity. The Sub-committee would recommend that 
infuture, asforas possible, 2x 100%capacitypumps should be used asthis results in an improved layout. 


Condenser and cooling water system : ^ 

With rCgardtothestandardisationofthecondensersforacooling water temperature of 35-36°C it was considered 
that it woitld ( be necessary to make incremental cost evaluation before a decison could be arrived at. For the present the 
manufacturers could continue with their standard designs and as these had a 2-3 %reserve for modifications based on local 
conditions, these might be able to cater to the needs for different parts of the country. More operating and manufacturing 
experience would be required before any standardisation is evolved. 

As far as the circulating water pumps are concerned, indigenous manufacturing capacity was adequate and since local 
conditionsgoverned the ratings toagreatextent.no purpose would be served by standardising this equipment. 

6. Deaerators : 

It is recommended that the dearators be standardised keeping in view the maximum capacity required which may be of 
the order of500 tonnes/hr. for the 100, llOand 120 MW units. 

Boiler House Auxiliaries : 

The milling plants forthe boilers of 60,100 and 110 MW have been standardised by the HPBP, Tiruchi. Attempts are 
also being made to standardise as many other components as possible. Intheinitial stages, there can only be limited pro¬ 
gress in this direct ion, M/S, A. V. B., the other boiler manufacturer in the country, are, however, of the opinion that boiler 
house auxiliaries cannot be standardised as site conditions would play a deciding role. 

8. Electrical Drives : 

As regards electricaldrives, the Sub-committee feels thatvaluablesuggestions have been made by the group on standar¬ 
disation ofmotorssetupbythe C.B.I.P. Manufacturers should add care to these recommendations. If attempts are made 
restrict to the R-20 series and the recommendations of the I.S.I. on rotating electrical machinery adopted, substantial pro¬ 
gress in standardisation would be made. r 

9. Instrumentation : 

the choice for the type of insrum’ntation, pneumatic or electronic, should be left to the customer and as it would 
depend on the project (extension or new station), source of main equipment (Bhopal, Hyderabad or Hardwar, AVB or Tiruchi- 
etc.jit was agreed that at present there was very little scope for any standardisation. Indigenous availability was still in the 
developing stage and experience over the next few years should guide future progress in standardisation. 

10. Layout : 

It is noted that the Civil Dasigns Sub-committee desired to have the recommendations for the Mech anical Design Sub¬ 
committee on standardised layouts for th:rmal stations, as this would enable them to choose standard modules etc. The 
Mechanical Sub-committee, however, recommends that at the present stage, layouts in powerstationcould not be standardised 
as local conditions have to be kept in view. 
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Annexure 5—2 

, , Copy!of D O. letter No. SL : 0944 dated Uth May, 1970 from Shri V. Krishnamurthy of Bharat Heavy Electricals 
Ltd., Tiruchirapalli-HtoShriS. K. Sen,Damodar Valley Corporation, Anderson House, Alipore, Calcutta-727. 

. I had gone through your letter No. EDCON-OM/17-8925 dated April 2,1970. In yourletter.you had recalled that 
indigenous manufacturers of heavey electrical equipments had certain difficulties to any deviation from their collaboration 
practice threeyears ago. Thiswastrue withregardto this Unitalso about three years ago because we had just then commenced 
our production activities in this Plant. Daring thelast threeyears, this position had considerably changed andl am glad to 
tnformyou that BHEL, Tiruchi have been initiating several designs to satisfy the specific needs of the power station authorities 
I shalldetail below the major changes effected by this Organisation during thelast three years. 

2. The basic design documentation purchased from Czechoslovakia was for manufacture of boilers of 260 t/hr non 
reheat units, 370 t/hr reheat units with pulverised fuel firing system. As you may be aware, the properties of coal are not 
the same and varies widely from region to region, for example, the coal for which our boilers are desiganed for Bhatinda 
Thermal Power Station (5000 keal/kg. 27% volatile) differs widely from the coal for which our Patratu boilers (3610 
keal/kgm, 20% vof itile)are dssgac J.Further, other design factors like the seismic co-efficient etc., have also to be taken in to 
account in finalising the designs. 

i Soviets were supplying two numbers 220 t/hr boilerstomatchtheirlOOMW units in several 

places m India, like Ncy veil, Obra, Patratu. But BHEL went into the question of designing a single boiler of 420 t/hr capacity 
to match 100 MW unit as desired by the customers.The partameters of the boilerare 420 t/hr capacity,96 ata pressure, 540 
temperature. The design was completely done in BHEL Works at Tiruchy. 

4. BHEL are also supplying to the Gajarat Electricity Board matching boilers for 120 turbpgenerating sets of Bhopal 
design. These boilers are designed formilti-fuelfiringinthat they are capable of working at 100 per cent fvfCR rating while 
firing aithercoal or oil or gas. Further, the boilerisadirect-firedunit.Theseboilersare being completely designed by BHEL 
design department. 6 


5. BHELissuccessfullyexcuting a foreign order covering supply and erect ion of two 255 t/hroil-fired boilers to Malay- 
sta.^The parameters are totally different from 260 t/hr boilers being supplied elsewhere in our country. The parameter 



For Malaysia 

For use in India 

Capacity. 

. 255 t/hr 

,260 t/hr 

Pressure . 

Temperature .... 

70 kg/cm a 

.5 1 o° c 

96 kg/cm* 

535°c 




6. BHEL is supplying a 150 t/hr boiler suitable for gas-firing to match Bhopal’s 30 MW set for Naanrup Thermal 
Power Station in Assam. The boilerwithallsafetymterlockssuitablefor natural gas-firingis fully designed in BHEL Works. 


7. Inaddition totheabove, BHEL is executing number ofindustrial boilers of various capacities upto 210 t/hr and pre¬ 
ssure upto 106 ata. These include different firing systems such as direct firing with hammer mills, asphalt-firing with suitable 
burners, gas-firing suitable for natural gas etc. 

8. Latest technicquesadoptedbyleadingboilersmanuacturersinothercountriesarealsointroduced in this Plant. These 
include membrane wall construction for the combustion chamber in place of tangential tube construction, skin casing of the 
combustion chamber, pressurised combusiton chamber eliminating ID Fans etc. 

9. From the above, you could see that BHEL, Tiruchy has, to some extent, been able to accommodate the specific 
requirements of the customers in designing boilers to suit local conditions. 

10. BHEL utilises theservicesof early 300engineers/techniciansintheirdesignorganisation to producesuitabledesigns 
to meet the varying needs of customers. It may also be pointed out that each of the Electricity Boards has their own preferences 
on equipment coming withing the boiler house. It is not only the change of coal that require design modifications mentioned by 
you, but a number of other factors affecting boiler house auxiliaries on which the consulting Engineer have a say. To a great 
extent, we respect these requirements. 

11. In view of the progress mads by the manufacturin 
different Units to assess the present stage of development 

With regards, 


i Units, it will be worthwhile if the Committee makes a visit to 
In India. 
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Annexur 5—3 


SI. 

No. 

Control No. 

Particulars of equipment 

Amount 

Rs. 

Date of 
receipt of 
proposal 

Date of 
first 

reference 
to DGTD 

1 

2 

3 

4 

5 

6 


1 P/Mad-4344/M/68 • • Components for Wave Traps .... 25,000 21-8-68 1-11-68 

After obtaining the clarifications from the Board, 
the case was referred to the DGTD on 1-11-68, 
on 15-11-68, the DGTD called for additional 
information and the same was supplied on 
27-11-68. DGTD was reminded on 20-2-69. 

In reply, DGTD on 16-4-69 requested us to 
furnish them detailed specifications of all the 
items and their individual CIF values. The 
information was called for from the Board and 
was furnished to the DGTD on 6-6-69. Since 
no reply was forthcoming from DGTD, a D.O. 
reminder was issued on 2-9-69. DGTD in their 
reply letter dated 21-10-69 again requested us to 
forward them duplicate list of items to be im¬ 
ported for their reconsideration. The informa¬ 
tion was furnished to the DGTD on 29-10-69. 

The DGTD on 4-11 -69 again approached this 
Commission to forward them duplicate list of 
components for import and the needful was 
done on 27-11-69 and the clearance was finally 
accorded by the DGTD on 10-12-69. 

2 P/Mad-4324/M/68 . . Governor Kasing for Pykara Power House. . 40,000 9-5-58 18-5-69 

The case was taken up with the DGTD on 18-5-68. 

DGTD in their reply dated 11 -6-68 advised this 
Commission that the equipment in question has 
an indigenous angle but did not indicate the 
name of the indigenous Suppliers. Hence it was 
essential to refer the matter to the Project au¬ 
thorities for ascertaining the possibility or ob¬ 
taining the spares from indigenous sources. After 
obtaining their reply, the case was referred to the 
DGTD on 19-12-68 for reconsideration. Since 
no reply was forthcoming from them in a D.O. re¬ 
minder was issued on 27-2-69 and in their reply 
dated 13-3-69 they asked this Commission to 
send them a duplicate list of the itemstobe 
imported. This was sent on the same day and 
duplicate copier were again sent to them on 
20-3-69 in response to their letter dated 13-3-69. 

Since there was no response, a reminder was is¬ 
sued to DGTD on 20-12-69. DGTD in their 
reply dated 1-1-70, stated that the duplicate list 
sent to them on 20-3-69 was not traceable and 
wanted copies again to be sent to them. In view 
of the circumstances of the case, it was necessary 
to obtain additionalauthenticated copies from 
the Project authorities which were received on 
3-3-70. The case was again referred to DGTD on 
16-3-70 and the clearance is till awaited. 

3 P/Mad-4339/9/69 . • Spares for spherical valves . . . 1,900 26-7-68 2-8-68 

The proposal was referred to DGTD on 2-1-68 
followed by a D.O. reminder dated 18-9-68. 

Since no response was forthcoming, another 
D.O. reminder was issued on 27-11-68. As su¬ 
fficient time had lapsed and the Project autho¬ 
rities were pressing hard for early release of fo¬ 
reign exchange, a D. O. was addressed to 
Dr. Vakil Ahmed, Development Officer, on 
14-3-69 and the clearance was finally Issued by 
the DGTD on 24-11-69. 
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4 P/G-8810/M/68 Spare parts for Skoda Turbines . . 48,130 28-3-69 2-4-69 

The proposal was referred to DGTD on 2-4-69. 

Since no response was forthcoming, DGTD ... 

was reminded on 2-7-69, followed by another « • ■ - 

reminder on 16-10-69, and final clearance was 
received only on 15-11-69. 

3 P/G-8819/M/69 . Fog type tension insulators ... . 66,000 16-4-69 24-4-69 

The proposal was referred to DGTD on 24-4-69. 

As no response was forthcoming, a reminderwas 
issued on 17-6-69. As the requirement was ur- 
gent and we have not received the comments of 
DGTD, a D.O. reminder was issued on 31-7-69 
and another on 16-9-69. DGTD in the<r reply 
letter dated 16-10-69 informed us that the party 
should be advised to contact the indigenous ma¬ 
nufacturers. In our initial request to DGTD, 
we had advised them that tenders were invited 
by the Project authorities and that the indigen¬ 
ous offers received were not technically suitable, 
but DGTD after a lapse of 6 months insisted 
that the indigenous manufactures should becon- 
tacted again. However, the whole case was once- 
again presented to DGTD on 31-10-69 and 
the final clearance was secured on 15-11-69. 

6 P/G-8369/M/67 . Spares for Steam turbine at Dhuvaran . . . 8,50,390 24/10/67 27/11/67 

(24/30 (SP)/70 The proposal was referred to DGTD on 27-11-67 

for clearance from indigenous angle. Partial 
Comments were given by DGTD on 4-1-68 and 
the case was referred back to DGTD again on 

27- 1-68. DGTD was reminded on 30-3-68 
followed by another reminder on 30-4-68. A 
self-contained note was given on 22-6-68 
requesting DGTD for expeditious action and 
granting clearance from indigenous angle and 
the clearance was accorded on 18-6-68 after 
a lapse of nearly 7 months. Certain items 
were deleted by the DGTD and the Project 
authorities were communicated on 5-7-68. 

The Board again approached this Commis¬ 
sion on 18-11-68 giving justification for 
import of the deleted items and after exami¬ 
nation the case was again referred to DGTD 
on 23-12-68 for reconsideration. DGTD re¬ 
minded on 22-1-69 followed by a D. O. remi¬ 
nder on 27-2-69. As no response was forth 
coming, the matter was taken up with the 
DGTD on 4-6-69 followed by another remin¬ 
der on 30-7-69. DGTD in their reply dated 

23- 9-69 requested us to forward to them again 
duplicate copies of the list of the spares to 
be imported. The information was conveyed 
to DGTD on 1-11-69 and the final clearance 
was received only on 21-11-69. 

7 P/Mad-4346/M/68 . Electronic valves. 43,810 16-9-68 28-9-68 

(P/Mad-4346/M/68). The proposal was referred to the DGTD on 

28- 9-68 and they on 2-11-68 advised this Com¬ 
mission that BHEL snould be contacted in the 
first instance. It was clearly indicated in our re¬ 
ference to DGTD on 28-9-68 that when the 
tenders were invited by the Project authorities 
M/s. BHEL did not participate in the tenders 
and also indicated their inability to supply the 
equipment. In spite of this fact, DGTD again 
requested us to contact BHEI . However, on 
our taking up the matter with the Project au¬ 
thorities, the DGTD was again addressed on 

24- 11 -68 wherein we forwarded BHEL’s letter 



193 


26—I I & P/71 



Power Economy Committee 


2 



4 5 6 


7 P/Mad-434S/M/68 indicating their inability to supply. Asnores- 

(P/Mad-4346/M/68). ponse was forthcoming to our reference dated 

24-11-68, a D. O. reminder was sent on 13-2-69 
followed by another D. O. reminder on 25-3-69 
and a personal reminder through our Liaison 
Officer on 1-4-69. The final clearance of DGTD 
was received on 5-4-69. 


8 P/G-8730/M/68 . . . Spares for 33 kV OCBs . . . . 4,095 24-8-68 10-9-68 

■ The proposal was referred to the DGTD on 
10-9-68. The DGTD in their comments, dated 
24-9-68 accorded partial clearance. The 
Project authorities were advised to contact 
the indigenous manufacturers and arrange for 
the procurement of the deleted items. A refe¬ 
rence was again made to the DGTD on7-l 1-68 
stating that the spares being of proprietory 
nature, no indigenous suppplier was prepared 
to undertake the manufacture in view of the 
very small quantity required. DGTD, on 
20-11-68 again advised to contact HEL, Bhopal 
for procurement of these spares. The Project 
authorities were unable to get any positive 
response from HEL and accordingly a back 
reference to DGTD was made on 2-4-69 int irnat- 
ing them the inability of HEL to manufacture 
and supply these parts. As no response was 
forthcoming, DGTD was reminded again on 
22-9-69 followed by a reminder on 14-10-69 
and again a D-O- reminder dated 4-11-69. The 
final clearance was received only on 15-11-69. 

9 P/Maha-9645/M/68 . . Fisher valves for Khaperkheda Power ’’Station. 34,324 6-7-68 19-7-68 

The proposal was referred to DGTD on 19-7-68. 

The DGTD in their reply dated 2-8-68 requested 
us to advise the party to approach the BHEL, 

Hyderabad, for indigenous procurement. The 
matter was taken up with the Board and after 
ascertaining their views, the DGTD was again 
approached on 1-2-69 for reconsideration of 
the proposal since BHEL was not in a position 
to supply the equipment in question. As no 
reply was forthcoming a D.O. reminder was 
issued to DGTD on 6-3-69 followed by a 
reminder on 16-6-69. Since sufficient time 
had lapsed, the DGTD, was again reminded on 
6-11-69, followed by a D. O. reminder on 
24-11-69. DGTD in theirletter dated 10-12-69 
informed this Commission that as all the pre¬ 
vious papers did not appear to have been re¬ 
ceived in their office, duplicate copies of the 
same may be sent to them. Duplicate 
copies were sent to DGTD on 10-12-69 and the 
clearance was accorded finally on 15-12-69. 


10 P/Maha-9646/M/68 . . Spares for BJD make Crusher for Ballarshah 15,840 6-7-68 18-7-68 

Power Station. 

The proposal was referred to DGTD on 18-7-68. 

They were reminded on 18-9-68. Since no 
response was forthcoming and the case had 
been pending with them for 6 months, a D. O. 
reminder was issued on 19-12-68. On 27-12-68 
the DGTD wanted duplicate copies of list of 
items required to be imported for their consi¬ 
deration. Needful was done on 6-1-69. 

They were reminded on 1-2-69, followed by 
a D. O. redminder on 11-3-69. The final clear¬ 
ance was received only on 30-4-69. 
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11 P/0-4817/M/68 . . . Spares for Heavy Duty Trailer .... 58,870 25-8-68 16-11-68 

DGTD was requesteed for indigenous clearance 
on 16-11-68. The clearance was received only 
in March, 1969 after reminders in December, 

January and February. 

12 P/O-4901/M/69 . . . Spares for Turbo generator .... 36,266 6-1-69 28-1-69 

DGTD wasrequestedforindigenous clearance on 
28-1-69. DGTD did not clear item from 
indigenous angle in March, 1969. DGTD was 
again requested to reconsider on 8-4-69. Inspite 
of reminders no reply was received. On 

17- 11-69 DGTD requested for previous papers 
as the same were not trkceable in that office. 

These details were sent on 15-12-69 and no 
clearance has so far been received. The last 
reminder was sent on 13-2-70. 

13 P/O4909/M/69 . . . Meter Relay Testing Equipment. . . . 4,18,630 18-3-69 25-3-69 

DGTD was requested for indigenous clearance 
on 25-3-69. On 3-5-69, the DGTD asked to 
inform the applicant to contact indigenous 
manufacturers. After certain clarification 
from the applicant, DGTD was requested in 
November, 1969 for indigenous clearance. The , 

DGTD after reminders intimated on 3-1-70 
that the previous papers are not treceable. 

The DGTD was given the details in Jan., 1970. 

Theirclearance was received in the same month. 

14 P/AP-7749/M/69 . . . High bond tape for Nellore Power Station . . 5,695 26-5-69 5-6-69 

DGTD was requested for indigenous clearance on 
5-6-69. On24-6-69 DGTDaskedforthedetailed 
specifications and the same were furnished on 

18- 7-69. The DGTD did not clear the same from 
indigenous angle in September. On receipt of 
further clarifications and non-availability of 
material from indigenous sources, DGTD was 
again requested in November, 1969. The 
clearance was finally accorded on 6-12-69. 

15 P/MP-4008/M/69 . . , Spares for PLCC equipment .... 23,000 25-4-69 3-5 69 

DGTD was requested for indigenous clerance on 
* 3-5-69. On receipt of regrets from indigenous 

manufacturers, the DGTD was againrequested to 
reconsider the indigenous clearance on 23-6-69 
and was reminded in August, 1969. In Septem¬ 
ber, 1969 DGTD asked for duplicate list of the 
items to be imported which were furnished on 
23-9-69. DGTD clearance was received on 7-10-69. 

16 P/MY-6708/M/68 . . . Spares for transformers ..... 63,790 19-3-69 2-4-69 

DGTD was requested for indigenous clearance on 
2-4-69. DGTD informed the availability from 
indigenous manufacturers, On 2-7-69 DGTD was 
again requested to reconsider as the materials 
were not available from indigenous sources. 

DGTD was reminded on 18-9-69 and DGTD ask¬ 
ed for further details as the original papers 
were not traceable in their office. These details 
were supplied on 28-10-69 and DGTD cleared 
the same after deleting some of the items on 
26-11-69. In January, 1970, DGTD was again 
requested for to clear the items objected to 
by them as the applicant could not get from 
indigenous manufacturers. DGTD has been 
reminded on February, 1970 and their reply 
is still awaited. 
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17 P/MY-4626/P/68 . . . Steel jacks for Sharavathy H.E. Project . . 81,200 11-6-68 2-6-69 


The case has been referred to DGTD on 2-7-68. 
The reply received on 3-9-68 as to why the 
indigenous offers are not suitable. Comments 
of DGTD referred to State on 9-9-68. Reply 
on Comments received on 13-11-68. Comments 
of State referred to DGTD on20-l l-68;remind- 
er on 31-12-68 and subsequent reminders were 
issued on 10-4-69, 28-6-69 and 5-8-69. Reply 
received on 20-8-69 asking for duplicate list 
of goods. Copy sent on 28-8-69. On 24-9-69, 
we have been advised to refer to State to 
procurefromindigenous sources. On 15-10-69 
State has been referred and reminded on 
13-11-69. Reply received on 26-11-69. DGTD 
was addressed on 9-12-69; reminded on 28-1-70. 
Reply received on 30-1-70 to procure indige¬ 
nously. Referred to C.E. on 10-2-70. 
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Annexure 5-4 


Experience of DVC regarding Import of Spares 
under USAID Loans 


Altogether 9 sanctions were received by us 
under U.S. Non-project AID Loan No. 386-H- 
155. Of these only 1 sanction could be utilised 
by us against Import Licence No. G/AU/1029630 
/R/DL/23/C/H/23 dt. 18-11-66 granted under 
US Non-project AID Loan 386-H-155 revalidat¬ 
ed against loan No. 386-H-160 and again revali¬ 
dated under Loan No. 386-H-168. This case re¬ 
lates to some proprietary spares of IGE, New 
York for which order was placed, on them in 1963. 
As IGE could not ship the materials within the 
validity of the original licence which was granted 
against free resources, request was made for re- 
validation of the licence which was superseded 
and in its place new licence was issued under 
Loan 386-H-155. 

As the original Purchase Order was placed a 
long time ago it was not possible to go through 
the formalities for a small business Notification 
to US firms as required in the Public Notice. In¬ 
stead, a waiver was obtained from the Under Se¬ 
cretary, to the Government of India, Ministry of 
Industry, A.I.D. Section, New Delhi, dated 
17-1-67. 

Eight other sanction orders were issued in our 
favour under US Non-Project AID Loan No. 
386-H-155. The licences were dated August, 
September, October in different cases and it was 
stipulated in the FERI for Loan 386-H-155, that 
the terminal date of the Loan was 31-8-67 which 
would not be extended under any circumstances. 
As the delivery date of the U.S. suppliers in each 
case ranged between 8 to 10 months it was not J 
feasible to get the shipment within the terminal 
date of the loan No. 155 and so all these licenses 
could not be utilised by us and our Purchase 
Deptt. requested CWPC to revalidate the licences. 


if possible. In April, 1967, after the expiry of 
the terminal date as given originally, DVC was 
informed that the terminal date had been extend¬ 
ed by 6 months. Had that decision been taken 
earlier we could have placed, the orders against 
the above loan and could have obtained the ship¬ 
ment within the validity of the terminal date of 
the loan. We informed the CWPC about it and 
requested for evalidation of the licences. After 
protracted correspondence over 7 months the 
licences were finally revalidated under Loan No. 
386-H-160 on condition that the order should be 
placed with a specific assurance of the suppliers 
that materials would be supplied within stipulat¬ 
ed terminal date of loan 160 which it was stated 
was valid up to 31-12-67. Actually we found in 
the FERI that the date was 31-3-1968. Even then 
as we were advised that we should operate the 
licences only if the suppliers guaranteed shipment 
of the materials within 31-3-67 and as that was 
not found practicable by any of our suppliers 
we could not utilise any of the licences. 

The procedural delay to obtain revalidation 
etc. through the CWPC and also to obtain waivers 
from Ministry of Industry and to obtain sanction 
for opening of L/C from Ministry of Finance, 
often stand in the way of utilising the licences 
issued under Non-Project AID Loan as the US 
Suppliers’ delivery schedule in most cases exten¬ 
ds over a long time from the date of placement 
of order and opening of the Letter of Credit. 
Difficulty is also felt sometimes due to the cate¬ 
gorical stipulations of the terminal date of the 
loans which stated not to be extended under any 
circumstances, but in fact were invariably extend¬ 
ed subsequently or held valid against some sub¬ 
sequent loan, with a loan validity period of the 


197 



Power Economy Committee 


terminal date. If even some hint of the possibility stances we could have utilised 8 licences against 

of such extension were mentioned in the FERI US AID Loan 386-H-155 which had to be sur- 

instead of the categorical deterrent that termi- rendered, 
nal date would not be extended under any circum- 
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Annexure 5-4(A) 

Cases that have been abandoned 

(I/L was reed, against U. S. Non-Project Loan); but which could not be utilised. 

F. E. F. E. released vide Remarks 

requested 
on 

- “ 3 4 


1. Spares for Flue-gas by pass damper 
for super heated steam temp, control 
flame indicator etc. 


2. (i) Spares for L & N Flue gas by-pass 

damper control. 


(ii) Other Misc. boiler controls. 

3. Finned Tubes for Boiler Feed Pump 
oil coolers. 


4. Spares for 65 MV A Main Transfor¬ 
mer & its Oil Coolers. 


5. Ash Water Pump and Raw Water 
pump- Bowl assemblies etc. 


6. Spares for Superheatedsteam & Flue¬ 
gas temp, records (MAN Units). 


7. MAN Turbine spares. Valve seats 
Plunger assys. Gaskets & Packing 
etc. 


8. Instruments etc. for Temperature 
recorders for MAN Units. 


28-10-65 P/DVC-4675/65-DW-11I-217 
dt. 18-8-66. After this 
correspondence continued 
_nothing useful so far. 


9-4-65 P/DVC-4566/65-DW-III-96 dt. 
19-7-66. 


11-11-65 P/DVC-4684/65-DW-1II-62 dt. 
4-6-66. 


P/DVC-4521/M-65-DW-III- 
63 dated 4-6-66 


31-8-65 P/DVC-4673/65-DW-III-361 
dated 3-9-66. 


17-4-65 P/DVC-4574/M-65-DW-II1- 
136 dt. 18-8-1966. 


27-9-65 P/DVC-4664/M-65-DW-III-60 
dt. 4-6-66 


20-5-65 P/DVC-4595/65-DW-III-61 dt. 
7-6-66. 


The instruments & control for which 
the spares are intended are not work¬ 
ing satisfactorily. For want of 
spares they cannot be maintained 
and may go out of service at any 
time with the result that at some 
stage it may not be safe to operate 
the boiler without the availability of 
these controls. 

Without proper maintenance of the 
relevant controls it would be unsafe 
to operate the boilers at their rated 
full load capacity. Unsatisfactory 
working of control reduce the 
efficiency of the plant. 

In absence of replacement tubes we 
are obliged to plug the tubes that 
are found leaking. This affect 
the cooling system of the B. F. P. 
Lubricating oil with increase in 
the number of leaky tubes a stage 
has reached when the affected boiler 
feed pump motors are failing and 
resulting in impairment of generation 
capacity. 

For want of the spares it may not 
be possible to maintain the trans¬ 
former in satisfactory condition. At 
this is the main generator transformer 
for unit at Bokaro, its failure would 
result in reduction in generator 
capacity. 

For want of these spares the existing 
pumps cannot be maintained properly. 
This condition of the ash water pumps 
specially is causing us a great daily 
anxiety, as their failure effects genera¬ 
tion. 

For want of these spares it is not 
possible to keep the concerned 
controls in healthy condition- These 
instruments are essentially reqd. to 
monitor the final steam temperature. 
If their performance is not reliable 
there is considerable risk in operating 
the boiler specially at full load or 
near about it. 

In absence of the turbine spares it 
is not possible to keep the turbine 
control valves in a healthy condition. 
Naturally during the start-up of 
machines we are experiencing some 
difficulty and there is some risk 
involved in operation of the turbosets. 
In absence of the instrument spares 
it is no longer possible to keep the 
temperature recorders in proper 
condition. Without these recorders 
it would not be possible to operate 
the MAN machine on full load. 
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Annexure 5-5 (A) 

Experience of U. P. State Electricity Board regarding Import of Spares 
(STORE PURCHASE SECTION) 



Brief Description of material 

C. I. F. 
Value 

Date of 
applica¬ 
tion 

Date of 
F/E re¬ 
lease by 
CW&PC 

Date of 
issue of 

I/L 


1 

2 

3 

4 

5 

1 . 

Hopkinson Patent Stenstil valve 

706.00 

2-3-65 

28-1-67 

4-3-67 

2 . 

Grate Carrying Bars . . . 

8,953.00 

20-3-65 

26-3-65 

11-3-66 

3. 

Recording Charts. 

. 7,500.00 

10-4-65 

27-8-65 

2-1-67 

4. 

Special light Glass & Filter Frame 

3,773.00 

7-5-65 

' 26-5-65 

9-1-67 

5. 

Gauges & accessories. 

4,234 00 

14-3-67 

28-1-67 

4-3-67 

6 . 

D. C. Circuit breaker . . 

. 15,120.00 

19-3-66 

• • 

28-11-67 

7. 

Naphthline mineral oil-. 

. 32,188.00 

13-3-67 


18-4-68 

8 . 

HRC Fuses . . . 

105 00 

16-6-67 


19-7-68 

9. 

Spares for T/A 7 & 8. 

. 5,97,850.00 

24-6-67 

19-3-68 

13-5-68 

10 . 

Anode fuse refills. 

. 9,030.00 

17-7-6/ 

•• 

26-4-68 

11 . 

Hopkinsons Water level indicator and spares . 

. 23,196.00 

26-4-68 

22-2-69 

12-3-69 

12 . 

Spares for Turbines 5, 6 & 8 

. 7,01,024.00 

13-11-68 

Not yet 
received 

•• 

13. 

Rotor for 238 HP Motor. 

13,753.00 

1-4-69 

Not yet 
received 

•• 

14. 

Spare Tube nests for Oi 1 & Air cooler 

. . . 1,31,186.00 

7-11-69 

Not yet 
received 

•• 
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Annexure 5-5 (B) 
Appendix III (B) 


Panki thermal power station and 2 Nos. 30 MVA Transformer 



Brief description of material 

C. 1. F. 
Value 

Date of 
applica¬ 
tion 

Date of 
received 
F/B rel¬ 
ease by 
CW&PC 

Date of 
Issue tif 
I/L. 


1 

2 

3 

4 

5 







1 . 

Damaged/missing parts of 30 MVA Transformer 

10,704.00 

1-4-67 

•• 

Not yet 
issued. 

2 . 

Damaged/missing parts of 30 MVA Transformer . . 

14,000.00 

14-9-66 


28-2-67 

3. 

Oil Rosin Compount.. . 

•• 

11-2-67 

25-3-67 

7-4-67 

4. 

Damaged/missing parts of 30 MVA Transformer . . 

4,538.00 

11-5-67 

• • 

1-1-69 

5. 

6 Nos. C. T.’s for 750 MVA Switchgear. 

2 , 000.00 

5-3-68 

10-4-69 

3-5-69 

6 . 

Damaged/missing parts of 30 MVA Transformer 

2,380.00 

27-11-68 

11-6-69 
(letter of 
authority) 
on 22-7-69 

7. 

Revalidation of Import Licence No. 219015 dated 22-7-63 for 
import of spares. 

. • 

6-2-69 

, « 

25-9-69 

8 . 

Spare parts of instrumentation. 

55,301.00 

13-2-69 

13-3-69 

' 19-7-69 

9. 

Spare parts of Buldozer Tractor. 

3,400.00 

5-6-69 

Not yet 
released 

•• 

10 . 

Cartridge fuses, fuse blocks, double oil filter type etc. . 

25,976.00 

13-9-69 

Not yet 
released 

•• 

11 . 

Governor Motor for T/A Sets. 

1,230.00 

13-9-69 

16-10-69 

Not yet 
issued. 

12 . 

Spares for Boilers. 

1,63,920.00 

28-10-69 

Applica¬ 
tion being 
routed th¬ 
rough 
Board on 
request 
ofCW & 
PC. 


13. 

Spares of T/A.■ . 

1,05,516.00 

3-11-69 

Not yet 
released 

•• 

14. 

Enhancement of value of 6 Nos. GEC C.T.’s . . . 

6,050 00 

14-11-69 

Not yet 
released 

•• 
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Annexure 5-6 


Proposals of various State Electricity Boards for the issue of Imports Licences delayed 
in the Office of the Chief Controllers of Imports and Exports 



Release of Foreign 
Exchange 

When referred to CC1 
& E & by whom 

Date of 
issue of 
import 
licence 


SI. Control No. 

No. 

Date 

Amount 

(Rs.) 

Remarks 

1 2 

2 

4 

5 

6 

7 

1 PAP-7550/M/68 

16-10-68 

25,645 

19-11-68—CW & PC 

21-2-69 

C. C. l.&E. was reminded on 10-2-69. 

2 78/3/M/68 

8 -8-68 

13,535 

14-10-68—CW & PC 

8-1-69 

Reminded C.C.l. & E. on 14-11-68. 
22-11-68 and 9-12-68. 

3 7578/M/68 

19-9-68 

3,320 

19/28-9-68—CW & PC 

22-2-69 

Treasury Challan sent on 8-10-68 
Verification dated 24-11-68 for 

C. C.l. & E. regarding validity of 

D. G.T.D. of 11-3-68 and I.T.C. 
clarification replied on 14-11-68. 
C.C.l. & B. requested again to 
give the latest instructions regarding 
validity of D.G.T.D’s clearance on 
16-12-68. 

4 PB-7816/M/68 

30-8-68 

4,800 

12-1-70—Min I & P 

Not re¬ 
ceived yet. 

C.C.I. & E, was reminded by applicant 
on 4-2-70. 

5 PK-9114/M/68 

25-3-69 

7,606 

27-5-69 Min. 1 & P 

9-9-69 

Fresh D.G.T.D. clearance sent to 
C.C.I. & E by Ministry on 25-8-69. 

'6 PDVC-8503/M/68 

31-5-68 

14,848 

16-10-68—C.W. & P C. 

4-6-69 

C.C.l. & E. remined on 21*1-69 by 
Applicant, by C.W. & P.C. on 
1-2-69, 6-3-69. Telegram by appli¬ 
cant on 11-3-69. 

7 PAP-7559/B/68 

18-9-68 

8,48,541 

28-10-68—Min. 1 & P. 

3-4-69 

The duplicate set of Import Licenc- 
application was sent on 24-1-69 by 
the Ministry as this became known 
that the original application was 
misplaced in C.C.l. & E.’s Office. 

8 PMP-9912/D/68 

3-9-68 

1,85,000 

24-10-68—C.W. & P.C. 

5-3-69 

On 24-12-68 C.C.l. & E. asked for.. 
I.D.C. No. & credi tof I.B.R.D. 
loan 416-l.M. These were furnished 
on 28-1-69. 
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